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CHAPTER I
INTRODUCTION
Delayed Hypersensitivity
The field of delayed hypersensitivity XDH), which has 
its origin in the golden years of microbiology, now impinges 
upon many fields of biology and medicine* Tentatively 
included in this field are studies of bacterial allergy, 
chemical contact sensitivity and more recently, transplanta­
tion immunity* Whether these three areas deal with the same 
basic biological phenomenon or unrelated phenomena which have 
some characteristics in common is still debatable as shown by 
reports of Raffel and New (120) and Boyden (11)-
Research on delayed hypersensitivity w a s , for many years, 
centered almost completely on the tuberculin reaction. Since 
then, other delayed hypersensitivity reactions have been com­
pared with this classic example. Koch (68)  ̂ in 1890, was the 
first to describe the effects of subcutaneous injection of 
tuberculin into humans and guinea pigs infected with tubercle 
bacilli. He noted there was a severe general reaction 
associated with a 2-4°C temperature rise starting 4-5 hours 
after injection and lasting for 12-15 hours and accompanied 
by redness and swelling at the site of injection. Mantoux 
(89) described the reaction to the intradermal as opposed 
to the subcutaneous injection of tuberculin.. Under these 
circumstances ̂ the reaction increased in strength during the 
first 24 hours and reached its peak at 48 hours.
From histological examination of delayed hypersensitivity 
reactions, Waksman (170) has characterized the basic DH 
phenomena as: 1) the accumulation of hematogenous cells,
lymphocytes^ and perhaps monocytes, around vessels in close 
relation to the tissues which contain the antigen; 2) the 
increase in number of these cells either by further accumu­
lation or by proliferation; 3) the invasion of the antigen- 
containing parenchyma by histiocytes; and 4) direct destruc­
tion of antigen-containing elements-,, apparently by these 
histiocytes.
Thirty years after the discovery of tuberculin, Seibert 
(138) produced purified protein derivative (PPDi from fil­
trates of cultures grown on liquid media for a number of 
weeks. Subsequently, she isolated protein fractions A, B,
C, polysaccharide fractions I and II and a glycoprotein 
fraction from these filtrates by pH manipulation and differ­
ential precipitation with cold ethanol (136).
Other attempts to isolate reactive fractions have been 
made employing precipitation of cultural filtrate with 
ammonium sulphate (139, 6, 132), disc electrophoresis (127,
1), column chromatography employing DEAE (124, 67) and gel 
filtration with Sephadex (144).
It has been shown by Ribi, ejt al, (124) and Larson, 
et al. (80) that whole protoplasm, elicited a severe delayed 
hypersensitivity reaction in previously sensitized animals 
but did not induce this reaction in normal animals-
Larson, aĴ . (76, 82, 75, 77) has found that whole 
protoplasms from different species of mycobacteria were 
equally effective in terras of sensitivity and specificity as 
were PPD^type preparations when both were tested in animals 
sensitized with heterologous and homologous organizms.
Recent studies indicated (78) that BCG culture filtrate dif­
fers from protoplasm. The latter contains no protein B 
fraction, little protein A fraction but a large amount of 
protein C fraction. Culture filtrate,, on the other hand, 
has relatively large amounts of all three of these protein 
fractions.
Youmans and Youmans (66) have shown that a particulate 
material obtained from whole protoplasm by centrifugation, 
which they termed ribosomal fraction, possesses the ability 
to provoke delayed hypersensitivity in sensitized animals.
We have found (unpublished data) that if whole BCG 
protoplasm is electrophoresied on a pevikon block for 40 
hours (95), almost complete separation of the precipitin 
lines developed by immunoelectrophoresis (lEP) can be 
effected^ The major fraction containing almost all the skin 
test activity was found by gel filtration analysis to be a 
low molecular weight (7^9,000) material* This figure is in 
rough agreement with the molecular weight assigned to PPD 
by Seibert, aĴ . (138). This material., when studied by 
Osserman's method (105), shows a reaction of. identity with 
those skin test positive fractions obtained by Seibert’s
Chemical fractionation or by gel filtration of whole proto­
plasm. Beam, eib a^. (5, 145) subjected protoplasm to ultra­
centrifugation (144,000xg for 3 hours) and from the super­
natant fluid precipitated a peptide which he claims is a 
single antigen. Following his methods but using our own 
specific antisera, many antigens were detected in this 
fraction. It is of interest that Beam's serums precipitated 
only 4 antigens from whole protoplasm while ours reacted with 
13 components (76) . Okeda, e^ al̂ . (102) have found peptides 
to be released from heat-killed whole cells treated with 
alkali. We have found these were derived principally from 
the protoplasm and not from the cell wall (unpublished 
results).
Skin test antigens were first obtained from the concen­
trated culture filtrate harvested after extended incubation 
and growth of tubercle bacilli (old tuberculin (OT)), later 
from protein precipitated from this culture filtrate (puri­
fied protein derivative (PPD)) and from ribosomal fractions, 
and lastly, from the protoplasm of ruptured bacilli. It is 
apparent that peptides, isolated from whole protoplasm, exist 
which can provoke delayed hypersensitivity reactions. It is 
also evident that none of these preparations approach a 
state of antigenic purity.
The equality in sensitivity and specificity of whole 
protoplasm and PPD (76) as skin test antigens suggests that 
protoplasm contains a high concentration of active material,
and it follows that this material should be further studied 
in an attempt to isolate active skin test components. All of 
the preparations mentioned possess a high amount of sensitiv­
ity and good specificity. However, there is some degree of 
cross reactivity in homologous versus heterologous systems.
Past and present data clearly indicate that skin test 
activity appears to be associated with protein antigens.
Since ribosomes from a number of different bacteria appear, 
in general, to contain a significant amount of the protein 
found in cytoplasm, it would appear that these particles 
should be thoroughly examined to determine their potency as 
skin test antigens. This would also tie a biological 
activity (delayed hypersensitivity) to a subcellular 
component.
Ribosomes
The term "microsome" was originated by Calude in 194 3 
to describe a certain fraction obtained by differential 
centrifugation of disrupted vertebrate cells (18). After 
disruption of the cells, the whole preparation was centri­
fuged at low speed to remove nuclei, membranes, mitochondria, 
and whole cells. The clear supernatant, containing no 
structures observable by light microscopy, was centrifuged at 
100,000xg for 2 hours and the pellet obtained designated 
microsomal fraction. This fraction contained much of the 
cytoplasmic ribonucleic acid (RNA), proteins and some lipids.
since the microsome fraction consists of membrane, RNA-rich 
particles, and any protein sedimented in the process, it 
displayed variable composition» In 1958, the term "ribosome" 
was introduced by Roberts (125) to distinguish the particu­
late material from the remainder of the microsomal fraction.
Electron microscopy of the microsome pellet showed that it 
consisted mainly of membranes to which were attached dense 
particles of about 200% diameter» These particles could be 
observed both free and bound to the membrane» Similar elec­
tron dense particles (about 10-15 mu in diameter) were also 
observed by Lurea^ al» (87) in lysates of bacteria. This 
particulate fraction was treated with deoxycholate (DOC) to 
dissolve the membranous material, subjected to analytical 
untracentrifugation,and sedimentation coefficients deter­
mined. The sedimentation coefficients ranged from 20-1008 
(118). Similar fractions isolated from bacteria, yeast and 
plants yielded particles having the same general sedimenta­
tion coefficients of 20-1008. A high RNA content (131, 16,
165) was demonstrated in these particles.
Systematic studies on the isolation and characteriza­
tion of the ribosomes and ribosomal RNA were initiated about 
1957 principally by two groups> one headed by Watson at 
Harvard, the other guided by Roberts from the Carnegie 
Institute in Washington (10, 125, 126, 154). These studies 
were done with Escherichia coli as the model system. In 
1958, the influence of magnesium on the sedimentation
coefficient was ascertained. Chao (15) observed that reduc­
tion of magnesium in washing buffer from 10“1 to 10“^M 
resulted in the appearance of two components of.about 60S 
and 4OS in the ribosomal fraction of yeasts* The original 
larger ribosome, before dissociation, was-about 80S.
Similar dissociations were noted for ribosomes of E. coli 
and pea seedlings, respectively (9/166, 30). The sedimenta­
tion coefficients reported in these early papers were gener­
ally not corrected for viscosity or concentration. There­
fore / a wide range of sedimentation coefficients from the 
same particles were reported in the literature.
Although there are several gross functions.attributable 
to the ribosomes vivo, such as stimulation of RNA synthe­
sis, or regulation of the biosynthesis of RNA or of the ribo­
somes themselves, their only clearly established functions 
are those relating to protein biosynthesis.
This central role of ribosomes in protein synthesis was 
first established in 1953 by Zamecnik and co-workers (184) 
in studies of metabolic regulation and energy requirements 
involved in protein production. Their research utilized 
previous data delineating those steps involved in the path­
way from free amino acid to biologically active proteins » 
They are credited with discovering many of the components 
necessary for jji vitro protein synthesis - such as transfer 
RNA (tRNA) and aminoacyl-tRNA synthetase.
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It was originally thought that ribosomal RNA. was the 
template used for protein synthesis on the ribosome and that 
further delineation of the structure of the ribosome in 
general, and ribosomal RNA in particular, might lead to a basic 
insight into the mechanism of transfer of information from 
the gene to the site of production of nascent protein. This 
hypothesis proved to be incorrect when messenger RNA (mRNA) 
was later postulated and detected (62)- Subsequent progress 
in the study of ribosomes was slowed by the discovery of mRNA 
and by the inherent difficulties of procedure due to the 
structural complexity of the ribosomes. Serious interest in 
ribosomes was revived only after the realization that the 
detailed mechanism of protein synthesis could not be eluci­
dated until complete knowledge of the structure and function 
of ribosomes was available.
It was soon found that not only were ribosomes struc­
turally complex but that the conditions required for their 
complete functional activity were also very complex. It is 
now estimated by Waller (172) that the translation of the 
coded information from mRNA into amino acid sequences of 
protein involves the action of more than 12 0 different macro­
molecules. These molecules, as illustrated below, must 
interact in a precisely ordered manner to produce proteins 
necessary for growth and survival of the cell.
The initiation of protein biosynthesis requires the 
formation of an initiation complex consisting of the 30S
ribosomal subunit , mRNA. and forit^l-mefchionyl tRNA. (fMet-tRNA) 
(49, 56, 99) . Several initiation factors ( F I F 2 , F3^ ̂ as well 
as guanosine triphosphate (GTP), are required for this step 
(31, 121). The actual function of the initiation factors is 
not clear at this time, but it is thought that F2 stimulates 
the binding of 30S subunits to natural mRNA regardless of the 
kind of codon (17^^ The other factors evidently help align 
the initiation site on the mRNA containing an AUG code which 
codes for fMet-tRNA (52).
After this initiation complex is formed, the 50S ribo­
somal subunit attaches,.forming the 70S initiation complex 
(43, 100). GTP hydrolysis is thought to occur after the 
formation of the 70S initiation complex (69). Once these 
two ribosomal subunits are joined on the mRNA., protein syn­
thesis can take place. In this process each amino acid is 
brought into its position in the n.ascent protein by tRNA.
Each tRNA can transport a specific amino acid, and the order 
of insertion of the amino acid into the nascent protein is 
selected by specific trinucleotide sequences (codons) in the 
mRNA (85). The aminoacyl-tRNA is bound to the ribosomal- 
mRNA complex until the amino acid is inserted into the nas­
cent protein. The growing protein is at all times coupled 
to the tRNA which has just carried the last amino acid into 
the assembly line The stepwise growth of the nascent pro­
tein is paralleled by a concomitant movement of the translation 
apparatus, one condon at a time^ along the mRNA.
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This movement is now visualized as one in which the 5OS 
subunit is attached to the membrane (19/ 134) or, if present, 
the endoplasmic reticulum. The two subunits hinge apart and 
the mRNA moves along the ribosome one codon at a time o At 
least two sites (A and P) are postulated for the binding of 
tRNA onto the active ribosome (122, 128). One of these, the 
A site, is the site at which the specific aminoacyl-tRNA 
matching the codon of the mRNA is bound with the help of at 
least one of the supernatant proteins. A peptide bond is 
now formed between the amino group bound at site A and the 
carboxyl group that links the nascent protein to the tRNA 
bound at the P site. The transacylation is catalized by 
peptidyl transferase, an enzyme which is an integral part of 
the 50S subunit. The nascent protein is then translocated 
to the P site with the aid of at least one of the supernatant 
proteins. The initiation and termination mechanisms are both 
mediated by protein factors and directed by specific codons 
on the mRNA.
It is now apparent that ribosomes have many functions in 
protein synthesis (157, 72, 101). First, they must recognize 
the initiation site on the mRNA. Secondly, they must provide 
the necessary binding sites for the various molecular com­
ponents so that these components can interact with each other 
in a precisely ordered manner. Third, ribosomes must move 
with respect to the mRNA during the translocation reaction.
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Fourth, they catalyze the peptidyl transferase reaction, as 
well as influence the accuracy of the codon-anticodon recog­
nition reaction.
Several other aspects of ribosomal subunit exchange and 
assembly (63) are now known. First, ribosomes must dissoci­
ate to start protein synthesis. They are not conserved 
throughout their functional life but dissociate after each 
cycle of translation and reform from a subunit pool for each 
new cycle of initiation and translation (64, 49). Secondly, 
antibiotics prevent ribosomal formation (tetracyclines) (63), 
affect bindings of tRNA to ribosomes (puromycin), compete for 
binding sites on the 50S subunit (lincomycin) (168, 174), 
inhibit peptidyl transfer (sparomycin) (45, 93)̂ and affect 
polypeptide bond formation (chloamphenicol). With few excep­
tions, the mechanism of operation is still unknown. Third, 
all normal protein synthesis in bacterial extracts start with 
fMet-tRNA which is first attached to the 30S subunit (43, 47) 
Fourth, free 70S ribosomes are now generally considered to be 
a direct run-off product of polysomes (147), dissociated by a 
dissociation factor (DF) into SOS and 30S subunits = The 
general life cycle of the ribosome depicted by Nomura is 
shown in Table 1.
The free ribosomal pool in log growth phase cells is 
quite small, constituting about 10-15% of the total ribo­
somal population. This pool, however, can be drastically 
changed by many physical and chemical factors such as pH, 
temperature and Mg'̂ '*’ concentration.
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Table 1: Model for the role of "free" 70S ribosomes in the
ribosome cycle in vivo.
70S INITIATION COMPLEX >  Polysomes
+50S
30S initiation 
complex
30S4- 30S + 50S Pool4
'V
Chain
terminationi70SD.F."^(F ) 
(Dissociation factor)
Apart from the functions attributed to the intact ribo­
some, such as recognition of the initiation site, binding of 
the necessary protein moieties in an ordered manner, movement 
with respect to mRNA, and catalysis of the peptidyl trans­
ferase, little is known about the inner functional inter-re­
actions attributed to the subunits (156)•
The 30S subunit is concerned with those activities which 
relate to mRNA function, such as binding of mRNA and the 
ability of this complex to bind specific tRNA (103, 149, 117), 
The function of the SOS subunits, on the other hand, is 
apparently related to the formation of the peptide bond and 
processing of nascent protein. These subunits contain a non­
specific attachment site for tRNA which may be part of the P 
site which is responsible for holding the nascent protein 
attached to the tRNA (44, 14). The. 50S- subunit also contains 
the enzyme peptidyl transferase responsible for the formation 
of the peptide bond (160). Those functions shared by the two
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subunits including movement of nascent protein and binding of 
various factors needed for protein synthesis are not clearly 
defined at the present time #
The physical structure of the ribosome is being studied 
in depth, since it is unlikely that an understanding of its 
function will be attained unless the structure of the ribo­
some is known.
The first physical studies on ribosomes were made by 
Tissieres, e^ al. (155) in 1959. They reported optimum con­
ditions for subunit stability as well as viscosity (V) , 
density (D), sedimentation coefficient 20^, water, infinite 
dilution (S° 20,w), molecular weight (MW) and extinction 
coefficients.
The data from these and other studies on E. coli ribo­
somes resulted in several basic concepts. Ribsomes isolated 
and purified in the presence of 10“^M Mg'̂ '*' have a sedimenta­
tion coefficient of 70S. Lowering the concentration of Mg"*"*' 
dissociates the 70S ribosome into two components, the 50S 
and 30S subunits (154, 155). The 50S and 30S ribosomal sub­
units have a particle weight of 1.55x10^ and 0.90x10^ 
daltons respectively (54). Both subunits contain 63-67% RNA 
and 33-37% protein, depending upon the method of preparation. 
The 50S subunits contain one molecule of 2 3S RNA (rRNA) and 
one molecule of 5S rRNA. The 30S subunits contain one mole­
cule of RNA, 16S rRNA (70).
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As the physical heterogeneity of the ribosomal proteins 
(83, 57, 142, 157, 12, 159) became evident, it also became 
evident that the ribosome could not be compared to virus 
particles having a protein coat containing only a relatively 
few proteins copied many times.
The heterogeneity of the proteins found in ribosomal 
subunits of bacteria has now been fairly well established 
(159, 150, 36, 101, 74). Three different approaches, namely, 
physical, genetic and immunological studies, have been taken 
in defining this heterogeneity.
The first approach was simple and straightforward. The 
ribosomal proteins were separated by extraction and subse­
quently solubilized and fractionated. Because ribosomal 
proteins are basic in nature and, as a mixture, do not 
readily dissolve in ordinary buffers at low salt concentra­
tions, several methods have been employed. Acetic acid (66%) 
was first introduced by Waller and Harris (172). The urea- 
LiCl method was developed by Spitnik-Elson (141). Fogel and 
Sypherd (35) used 2-Chloro-ethanol for stripping protein and 
ribonuclease in the presence of urea. These methods, however, 
give somewhat different amounts of the individual proteins.
Ribosomal proteins from the two subunits were separated 
into numerous components by means of starch gel electro­
phoresis (173), polyacrylamide gel electrophoresis (83, 158) 
or by column chromatography on carboxmethyl cellulose (140,
92). These methods gave discrete bands or peaks of resolved
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ribosomal protein. It was found that there were no proteins 
common to both the 50S and 30S subunits (106, 73, 146). How­
ever, it should be noted that 3 or 4 of the 30S ribosomal 
proteins are present in such low stoichiometric amount that 
they could not be present in the ratio of one copy of protein 
per subunit. Recent work (65) has shown 30S subunits have 20 
different proteins and the 50S subunits contain 35 different 
proteins.
It was not until the techniques of ^  vitro reconstitu­
tion of ribosomes was developed did the structure and func­
tion of the subunits become apparent. When the appropriate 
split proteins and core particles (ribonucleoprotein) were 
incubated together, fully functional 30S and 50S subunits 
were recovered (142). These were apparently indistinguish­
able from the original ribosomal subunits (41). This work 
has now been extended (48, 98) to delineation of the condi­
tions necessary for total reconstitution of functionally 
active ribosomes.
This variability in ribosomal protein composition 
between 50S and 30S subunits does not appear to be limited 
to the subunits but, in fact, exists from species to species 
and among different strains of the same species (106, 143). 
Thus, Le Boy, e;t (83) attributed strain specificity of
the K12 strain of E. coli to the fact that the 30S ribosomal 
subunits have at least one or more protein component(s) 
which differ electrophoretically from the corresponding
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components of B strains of the same organism. In general, it 
appears that differences in ribosomal protein between related 
strains of the same bacterial species are limited to one or 
two proteins in the 30S subunit. When interspecies differ­
ences are studied, it has been noted that as the phylogenetic 
relatedness becomes more distant, there are increasing numbers 
of different proteins found in the 30S subunits. As the pro­
tein content of ribosomal subunits of distantly related 
species is studied, differences in the proteins of 50S sub­
units are also noted.
The genetic approach to ribosomal protein heterology has 
been used to demonstrate differences in the nucleotide 
sequences of 23S and 16S rRNA (148, 90, 12). If these differ­
ences, together with those noted in ribosomal proteins are 
considered, it becomes apparent that during ribosomal forma­
tion, each protein component combines with a specific 
nucleotide segment of rRNA in a specific way to create the 
functionally active 50S and 30S subunits. Each ribosomal 
protein has its ultimate origin in the ribosomal protein 
cistrons found on the DNA, and as a consequence, the ribo­
somal proteins of any organism show a uniqueness particular 
to a given organism (91). This assumption has in fact been 
proven in several instances in which mutations in one genetic 
locus resulted in changes in a specific ribosomal protein 
(8, 104, 108).
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An immunological approach has been employed to deliniate 
ribosomal proteins heterogeneity. Traut, et a^. (159)
studied eight of the 30S ribosomal proteins by immunologic 
methods and found that no extensive homologies existed. This 
finding was in agreement with earlier conclusions reached by 
tryptic peptide mapping. He employed Ouchterlony*s immuno- 
diffision analysis test to show the dissimilarities found in 
the ribosomal proteins and split acrylamide gel electro­
phoresis to prove that specificity of the antisera. 
Kaltschmidt, e^ a]̂ . (65) have recently shown that for 18 of
the 20 proteins from 30S subunits, there is no immuno- 
correlation. These results further substantiate the conclu­
sion that there is no extensive structural homology among 
ribosomal proteins. This work validates earlier findings of 
Friedman, e^ al . (38) and Estrup (33).
Panijel (112) found that bacterial ribosomes generally 
elicit the formation of antibodies capable of agglutinating 
not only homologous ribosomes but also ribosomes of different 
origin. By quantitative methods, Panijel showed that an 
antiserum prepared against E. coli K12 distinguished between 
homologous ribosomes and those of other strains of E. coli 
and other enteric bacilli as well as ribosomes of Proteus 
vulgaris and Clostridium sp.
It has been found by Panijel, aĵ . (3, 113) that ribo­
somes of animal origin, e.g., ribosomes from rat liver, pre­
cipitated antibodies prepared against bacterial ribosomes to
18
a limited extent. This reactivity of animal ribosomes with 
anti-bacteria-ribosome sera suggests that a common antigen 
must be present in all ribosomes regardless of origin. This 
antigen could very well be RNA (4). This prediction was 
verified experimentally by Panijel (111). Horse antibacterial 
ribosome serum was prepared and purified until it contained 
only anti-RNA antibodies. This serum completely precipitated 
all types of RNA regardless of their origin (viral, bacterial, 
plant or animal) or their state of solubility.
Barker and Som (129) investigated the species specificity 
of ribosomal protein of eucaryotic and procaryotic organisms. 
They observed that ribosomal proteins from E. coli, rat liver, 
yeast (S. cerevisiae) and plant (mug bean cotyledon) showed no 
cross reactions when studied by the Ouchterlony immuno-diffu­
sion analysis method. Electrophoresis by split gel technique 
in polyacrylamide also indicated that the proteins from 
eucaryotic (80S) and procaryotic (70S) organisms were unique 
for each species.
Ribosomes have been shown to possess immunological 
attributes other than those previously mentioned. Youmans 
and Youmans have demonstrated (182, 183) that ribosomes from 
mycobacteria possess immunogenic properties which result in 
protection of immunized CF-I mice against challenge with 
virulent H37Rv tubercle bacilli. Winston and Berry (176, 177) 
have studied the antibacterial immunity induced by ribosomal 
vaccines made from both Staphylococcus aureus and Pseudomonas
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aerugenosa. These vaccines induced a marked degree of specific 
protection to challenge with viable virulent organisms.
Similar protection was observed by Thompson and Snyder (152) 
who were able to protect mice against pneumococcal infections 
by administration of a ribosomal preparation prepared from 
nonencapsulated Diplococcus pneumoniae. Eisenstein, at al.
(32) observed that ribosomal RNA extracted from either of two 
strains of Salmonella typhimurium differing only in their O 
somatic antigen will protect mice against challenge with live 
organisms. However, each vaccine protected significantly 
better against the homologous strain than the heterologous 
one, suggesting that part of the protection produced by the 
ribosomal vaccine is attributable to O determinants of 
ribosomal RNA.
Gerughty/ e;t (41) incubated ribosomes obtained from
spleens of sensitized mice with lymphoid cells of unsensitized 
mice and demonstrated transfer of immunity as shown by the 
increased ability of these lymphocytes to cause cytolysis of 
mouse cells ^  vitro. Fong, Chin and Elbert (37), in a series 
of experiments on delayed hypersensitivity to tubercle 
bacilli in rabbits, demonstrated transfer of cellular resist­
ance by ribosomes and ribosomal RNA. Mannick (8 8 ) was able 
to transfer transplantation immunity to New Zealand rabbits 
by autologous lymphoid cells incubated vitro with RNA 
from sensitized donors. Electron microscopy studies reported 
by Schoenberg, e^ a^. (135) revealed direct cytoplasmic
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connecting corridors between macrophages and adjacent lympho­
cytes and plasma cells in lymphoid tissues in rabbits. With­
in these corridors small particles the same size as ribosomes 
were found, suggesting the transfer of cytoplasmic contents 
from macrophage to lymphocytes. Parker and Turk (116) 
studied the ability of subcellular fractions of epidermis 
painted iri vitro with dinitrofluorobenzene (DNFB) to induce 
contact sensitization in guinea pigs. They observed that a 
"microsomal" fraction was highly active in this respect.
This fraction also contained most of the ribosomes found in 
the dermis, suggesting the possibility of a casual relation­
ship between ribosomes and induced contact sensitivity. The 
immunosuppressive potency of antiserum to thymus cells has 
been attributed by Nagaya, e^ a^. (96) to the ribosomal
fraction obtained from these cells.
Other immunological properties have been described 
recently by Zatti and Revoltella (185). They demonstrated 
immunity to Yoshida ascites tumor in rats previoij^sly injected 
with homologous ribosomes prepared from the tumor. Others 
(27) have observed that autoantibodies and concurrent auto­
immune hemolytic anemia resulted from immunization of rabbits 
with ribosomes extracted from rat or rabbit liver or from 
reticulocytes. Thus, the effect that ribosomes have on the 
host are legion in nature^ as are its modes of action.
From the discussion of delayed hypersensitivity, it is 
apparent that proteins or protein complexes are, to a large
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extent, responsible for the delayed hypersensitivity reactions 
observed in animals. This reaction is both sensitive (1000 
to 8 nanograms) and specific as described by Turk (167). It 
is also apparent that each microorganism contains one or more 
strain and species specific proteins within the ribosome.
These ribosomal proteins might, therefore, be used as specific 
skin test antigens for detection of mycobacterial diseases.
Statement of Problem
Whole protoplasm derived from mycobacteria is as specific 
and sensitive as PPD for provoking delayed-type reactions in 
guinea pigs sensitized with acid-fast bacilli. Protoplasm 
contains a high concentration of the active principle and 
should be a suitable starting material for isolating active 
skin test components. Since skin test activity appears to 
be related to protein antigens (137), the proteins should be 
studied to determine their potency as skin test antigens. 
Ribosomes of some bacteria constitute about 25% of the weight 
of bacteria (154), while the remainder of the protoplasm con­
tains DNA, RNA and soluble proteins among other components.
It is evident, therefore, that a large amount of potentially 
antigenic material is present in the ribosomal fraction.
Particulate preparations of both M. tuberculosis and 
M. phlei, which have been described by Youmans and Youmans 
(180) as ribosomal fractions capable of provoking DH, have 
been found to contain almost all the respiratory activity.
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NADH oxidase, cytochromes and glycophospholipid biosynthesis 
activity of the cell (151, 178, 13, 53). Electron micrograph 
studies by Worcel, e^ (179) have shown that similar
preparations of ribosomes consist not only of ribosomes but 
also of cytoplasmic membrane fragments and cell walls in 
variable amounts. Thus, from the above data, it is clearly 
seen that the ribosomal fraction defined by Youmans and 
Youmans was contaminated with potentially active materials.
We have also obtained some evidence that the antigens 
employed for skin test contain nucleic acids. Certain 
fractions of whole protoplasm obtained by chemical methods 
contain moderate amounts of nucleic acid. These factions 
are active in provoking delayed reactions but develop few 
arcs when subjected to Immunoelectrophoresis. When these 
slides are stained with acridine orange, one of the arcs 
develops a faint red color indicating the presence of RNA 
(unpublished data).
No skin test activity was found in the dialysate of 
protoplasm dialyzed against distilled water. The undialyz- 
able portion was filtered through a Sephadex G-200 column and 
skin test activity was detected only in the descending 
portion of the single peak observed. The molecular weight of 
the contents of this peak roughly corresponded to that of 
ribosomes. Furthermore, precipitation of protoplasm with 
30-'60% (NH^ ) 2^*^4 resulted in isolation of a fraction with 
increased specific activity. It is known that 20-40%
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(NH^)2 S0 ^ precipitates a majority of ribosomal protein of 
E. coli (71). Crude nucleic acids, extracted from protoplasm 
by 10% NaCl provoke delayed skin reactions and produce lEP 
reactions. Protamine, streptomycin sulfate and MnCl2 depress 
the skin test activity of nucleic acid preparations. This 
fragmentary data suggests that skin test activity may be 
associated with ribosomes.
It is proposed in the present research to isolate 
intact, free ribosomes from M. bovis (BCG) and M. butyricum 
utilizing the best techniques available (97, 54), to utilize 
these ribosomes as skin test antigens and to determine their 
potency and specificity in guinea pigs sensitized with homo­
logous and heterologous organisms. Subsequently, the 70S 
ribosomes will be split into their 50S and 30S subunits and 
similarly tested. Iii vitro correlates of delayed hyper­
sensitivity will also be employed.
CHAPTER II 
MATERIALS AND METHODS
Animals
Hartley strain, female guinea pigs weighing 300-500 gm 
were used throughout the investigation. They were obtained 
from a commercial source in Hamilton, Montana. New Zealand 
strain rabbits of either sex weighing 2 - 5 kg were utilized 
to obtain antisera for serological studies. These animals 
were purchased from local rabbitries.
Bacterial Strains
The strain of M. bovis (BCG) used was originally 
obtained from the Pasteur Institute, Paris, France, and was 
subsequently maintained at the Rocky Mountain Laboratory, 
Hamilton, Montana. This BCG strain, as well as the culture 
of M. butyricum used in this study, were supplied by the 
Rocky Mountain Laboratory. The Valleé strain of M. bovis 
was obtained from the Rockefeller University, New York,
New York. The E. coli strain (MRE 600), a RNAase 1“ mutant, 
was obtained from Dr. Robert Bock of the University of 
Wisconsin. The mycobacteria were maintained on Petragani*s 
medium or on Sauton*s potato slants (21). E. coli was 
maintained on nutrient agar slants (24).
M. bovis (BCG) was grown as a veil culture on 100 ml 
of Sauton*s medium in 500 ml Erlenmeyer flasks for 7-9 days
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at 37^C. M. butyricum was grown either by the above method 
for 3-5 days or for 4 days on Lenert's synthetic medium (84). 
E. coli was cultivated on enriched medium as previously 
described (55). Mycobacteria cells cultivated on Sauton's 
medium were harvested by filtration and M. butyricum from 
Lenert*s medium by batch centrifugation. Cells of M. bovis 
and E. coli were immediately frozen in an acetone-dry ice 
bath and stored at -80*^0 until needed. Cells of M. butyricum y 
harvested from Sauton*s medium, frozen and stored at -20^C 
before processing, yielded 70S ribosomes, but 50S and 30S 
subunits could not subsequently be isolated. M. butyricum 
cells, harvested from either Sauton*s or Lenert*s medium 
and immediately frozen at -80°C or processed without freezing 
yielded 70S ribosomes and 50S and 30S subunits.
Isolation of Ribosomes
Ribosomes were isolated from all 3 bacterial strains 
using methods similar to those outlined by Hill, e^ a^. (54).
Special care was taken to adjust the concentration of Mg"*"*" 
and to keep all preparations at 5^C or below at all times.
The buffers employed during isolation of the various ribo­
somal fractions were as follows ;
70S buffer - O.OIM MgCl-. O.OIM Tris- HCl, (pH 7.4),
0.07M KCl
50S buffer - O.OOIM MgCl2 , O.OIM Tris-HCl (pH 7.4),
0.07M KCl
wash buffer - O.OIM MgCl2 / O.OIM Tris-HCl (pH 7.4),
0.5M NH4 CI
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In a typical procedure for preparation of ribosomes, 
approximately 36 g of cell paste were washed twice in 10 
volumes of wash buffer, centrifuged at 12,lOOxg for 10 
minutes and then resuspended in wash buffer at a concentra­
tion of 175 mg/ml wet weight. This slurry was loaded into 
a prechilled Sorvall-Ribi cell fractionator and the cells 
disrupted at 30,000 pounds per square inch (psi). The 
temperature was maintained at 0°-5°C. The disruption 
efficiency, as monitored by bacterial plate counts, was 
between 90-97%. The plate counts were made by the drop plate 
method (34). Three 0.1 ml drops per plate were used and each 
dilution was done in duplicate. The whole cells, cell walls 
and cellular debris were removed from the effluent by 2 
centrifugations at 2 0 ,200xg for 30 minutes in a Sorvall RC-2 
centrifuge. The amber colored supernatant was then centri­
fuged at 192,OOOxg for 2.5 hours in a 50.1 rotor using a 
Beckman model L2-65B ultracentrifuge to pellet the ribosomes. 
The ribosome pellet was resuspended in wash buffer for a 
minimum of 12 hours at 4^C and then centrifuged at 2 0 ,2 0 0 xg 
for 30 minutes. The resultant supernatant was centrifuged 
at 192,OOOxg to pellet the ribosomes. These crude, washed 
ribosomes were resuspended in wash buffer and frozen at 
-80^C until needed.
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Purification of Ribosomes
Frozen or freshly prepared samples of crude ribosomes 
of mycobacteria were suspended in wash buffer and stirred 
for 3 hours and then 10% deoxycholate (DOC) was added to the 
ribosomes to a total concentration of 0.2% DOC (135). This 
mixture was gently stirred for 5 minutes, centrifuged at 
27,OOOxg for 10 minutes to remove denatured membranous 
material. To remove DOC, two methods were used. In one 
method, the supernatant was rapidly diluted with wash buffer 
and the ribosomes pelleted by centrifugation at 192,OOOxg 
for 3 hours. The pellet was resuspended in wash buffer.
The second method consisted of immediately dialyzing the 
supernatant against wash buffer for a minimum of 12 hours 
with at least three changes of the wash buffer. Both prepar­
ations obtained by this method contained dialyzed ribosomes 
which were pelleted by high speed centrifugation (192,OOOxg) 
for 3 hours. A soft overlay on the surface of the ribosome 
pellet was easily removed by soaking the pellet 5-10 minutes 
in 50S buffer and then carefully squirting supernatant fluid 
obliquely across the surface of the pellet. The overlay 
dislodged as a single piece and were drawn into a pipette 
and discarded. The ribosome pellets were then resuspended 
in 50S buffer. The resulting suspensions, labelled 50-30S 
pools, were either stored at -80*^C until needed or immedi­
ately purified and separated into 50S and 30S subunits.
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Separation was effected by 10-30% linear sucrose gradient 
centrifugation at 81,SOOxg in a SW-2 7 rotor for 8.5 hours.
In other studies, crude ribosomes of all three organisms 
were suspended in either 70S or SOS buffer and subjected to 
linear sucrose gradient centrifugation as above. All prepar­
ations were collected by puncturing the bottom of the 
centrifuge tubes and collecting equal volumes of the prepara­
tions in a Gilson Escargot Fraction Collector. The fraction­
ated samples were analyzed in a Gilford modified Beckman DU 
spectrophotometer at 260 and 280 mu. The data were plotted 
and the fractions under the 70S, SOS and 30S peaks were 
combined. The ribosome concentration was assayed spectro- 
photometrically at 260 nm using an extinction coefficient,
l a^260 “ 145 (Hill, e^ a d . (54)). These preparations were
stored at -80°C until needed. Each step of the ribosome 
isolation and purification process was monitored with a 
Beckman model E analytical ultracentrifuge.
Preparation of Protoplasm
Mycobacteria were grown on Sauton*s media using methods 
previously reported (2 1 ), harvested by vacuum filtration. 
Packed cells were washed twice with distilled water to 
remove culture media. The cells were resuspended in distilled 
water to a concentration of 10-15 gm (wet weight) per 100 ml 
and ruptured at 0-5^C in a Sorvall-Ribi refrigerated cell 
fractionator at 45,000 psi (81). The effluent was centrifuged
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at 27,OOOxg for 1 hour to remove whole cells and cell walls.
The resulting supernatant was subjected to 2 cycles of centrif­
ugation for 1 hour at 27,OOOxg to remove additional cellular 
debris. The supernatant from the final centrifugation, called 
protoplasm, was lypholized in a portable Vir-Tis freeze dryer 
and stored at -20°C until needed.
Preparation of Crude Extract (CE) and Ultracentrifuged 
Supernatant (UCS)
Crude extract was prepared in the same manner as proto­
plasm except that distilled water was replaced by 70S buffer. 
Ultracentrifuged supernatant (UCS) was obtained by 
subjecting the supernatant from the first high speed centrif­
ugation which had been employed in the preparation of crude 
ribosomes to subsequent centrifugation at 192,OOOxg for 6 
hours to remove particulate ribosomal material. The top l/13th 
of this supernatant was carefully collected and designated 
UCS. The UCS was then filtered through a VF 10 nm+ 2 nm 
cellulose millipore filter using positive pressure filtra­
tion to ensure the absence of particulate ribosomal material. 
The preparation before the millipore filtration was desig­
nated UCS and after filtration was designated UCS-MF.
Chemical and Physical Analysis of Ribosomes
Protein determinations were done using the folin phenol 
method of Lowry, e^ a^. (8 6 ). The sterile protein standard
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solution consisted of crystalin bovine serum albumin from 
Armour Pharmaceutical Company, The determination of total 
hexose was done by the method of Dubois, e^ a^. (28).
Ribonucleic acid content was quantitated spectrophotometric- 
ally by the Orcinal test (26) for RNA.
Total lipid content was assayed by gas chromatography 
using the methods outlined by Golden (46). Briefly, his 
procedure for preparation of fatty acid methyl esters was a 
modification of two methods (94, 175). The appropriate 
amount of 14% boron trifluoride-methanol (1 ml/4 mg lipid) 
was added to the ribosomal preparations. The tubes were 
sealed with teflon tape and heated at lOO^C for 10 minutes- 
The tubes were then cooled and 20% benzene and 55% methanol 
added to complete the methanolysis of triglycerides from 
medium and log-chain fatty acids, The tubes were sealed with 
teflon and heated for 30 minutes at lOO^C and cooled. The 
resulting esters were extracted with a solution consisting of 
hexane and water at a ratio of 2 :1 , mixed and centrifuged.
The hexane layers from two extractions were pooled and dried 
under a stream of N 2 at 40*^C.
The methyl esters were analyzed by use of a dual-column 
F&M model 402V high-efficiency gas chromatograph (Hewlett- 
Packard) equipped with a hydrogen-flame ionization dector 
and disc intergrating recorder. The column's polar liquid 
phase was 20% ethylene glycol adipate (EGA) on acid washed 
gas chrom P, 100/120 mesh. The analytical column was 5 feet
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long, 1/8 inch in diameter. The column was run isothermally 
at 180°C (dial set at 141.5). The head pressure of helium 
carrier gas was 60 psi (flow rate of 84 ml/min), hydrogen,
10 psi (flow rate of 54 ml/min) and oxygen, 20 psi (flow rate 
of 250 ml/min). The methyl esters were dissolved in 1 ml of 
tetrahydrofuran and injected on to the column in 10 u liter 
samples and analyzed for 140 minutes. The detector was set 
at 210^C (5.45 setting). The gas rotameters were set at He 
2.3, H2 2.9 and O2 2.5. The range switch was set at 100 and 
the attenuator at 8 - The chart speed was 3/4 inch/min.
Total peak areas were determined by reading the disc 
intregration counts under the peaks. Methyl ester palmitate 
and oleioate (Sigma) were also chromatographed in known 
concentrations and their disc intergrated counts obtained. 
These standards provided the retension times necessary to 
identify these standards in the ribosomal preparations.
The content of lipid per sample was calculated by 
dividing the counts of the ribosomal preparations by the 
counts obtained from the lipid standards. The content of 
lipid was then divided by the total amount of sample and the 
percentage of lipid contamination was determined.
Physical analysis of ribosomes was initiated by spectro- 
photometric analysis at 260/280 nm ratio which gives a rough 
index of purity. The 260 nm reading was used with the 
extinction coefficient = 145 (54) to determine ribosome
concentration. Dry weights were determined with a Cahn model
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G electrobalance after drying the specimen in a vacuum oven 
at lOO^C. At the end of the initial isolation and each sub­
sequent purification process, the ribosomes were monitored 
in a Beckman-Spinco model E analytical ultracentrifuge, 
equipped with schlerin optics. In a typical analysis, the 
rotor speed was set at 50,740rpm and the temperature main­
tained to 0.01^ between 3-5^C with a remote temperature 
indicator and control (RTIC) throughout the various runs. 
Generally, five photographs were taken at 4 minute intervals 
after attaining maximum speed. The resulting schleirin 
patterns were measured using a Nikon 6 C microcomparator. The 
resulting data were then used to obtain sedimentation coef­
ficients (130) which were corrected for temperature and 
concentration (54).
Electron microscopy was utilized to check the purity of 
the ribosomal preparations. The method of Hyxley and Zubay 
(60) was followed utilizing 1 0 % formalin to avoid degrada­
tion. The preparations were either negatively stained with 
2% phosphotunstic acid (PTA) or positively stained with 
1-2% uranal acetate. The preparations were observed through 
a Simons electron microscope at 40,OOOx magnification.
Induction of De1ayed-Type Hypersensitivity
Groups of Hartley strain guinea pigs were sensitized by 
subcutaneous (s-q.) injection of 125 viable units of M. bovis 
(BCG) or M. bovis (Vallee) into the right inguinal region or
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100 ug of viable M. butyricum cells contained in 0,2 ml of 
incomplete Freund's adjuvant (IFA) into each hind footpad.
The MRE 600 strain of E. coli was injected into each hind 
footpad in a concentration of 10 mg viable cells per 0 . 2 ml 
IFA. Adjuvants were prepared as previously described (79,
51). Basically, a ratio of 1 part Arlacel A:9 parts light 
mineral o i l :1 0 parts saline containing suspended antigen 
was used in adjuvant preparation. The Arlacel A and mineral 
oil were combined in one luer-lock syringe, and the aqueous 
antigen was placed in another syringe of equal size. The 
capacity of the syringes were twice that of the total 
volume of adjuvant desired. The two syringes were connected 
by a double-hubbed 20 gauge needle, and the emulsion formed 
by slowly cycling the aqueous phase into the oil phase a 
little at a time until both oil and aqueous phases were 
thoroughly mixed. Recycling was continued until a test 
sample of the stiff emulsion formed a tight compact drop 
when placed on the surface of cold water. This test (51) 
indicated that a true water-in-oil emulsion had been formed.
Cutaneous Delayed Hypersensitivity Reactions
Skin tests were provoked in previously sensitized 
guinea pigs by intracutaneous (i.e.) injection of serial two­
fold dilutions of antigen contained in 0 . 1 ml of sterile 
physiological saline. The antigens employed included whole 
protoplasm, crude extract, crude ribosomes, purified ribosomes
34
and ribosomal subunits and ribosomal free supernatant. The 
quantity of antigen injected ranged from 0.062 to 1 . 0 ug dry 
weight. In addition, some of the animals were tested with a 
10 ug dose of heterlogous antigen. The reactions were 
observed at intervals from 4 to 24 hours. In most animals, 
lesions were not detected after 4 hours. After 24 hours, 
reactions provoked by the various antigens were compared by 
measuring two right angle diameters of the lesion as well as 
its thickness. The latter was measured with a Schnell- 
taster (Kroplin). The volumes of the lesions were calculated 
from computer-generated tables, and only those lesions having 
a volume of 15 mm^ (10x10x0.4 mm) were considered to be 
positive. The volume of the skin lesions were calculated on 
the basis of the following formula suggested by Waksman (171).
V = (W X L X 1/2 T) 0.75
V = volume of lesion in mm^
W = width of lesion (mm) Measured at right
L = length of lesion (mm) angles to each other
T = thickness of lesion (mm)
Histology of Ribosomal Skin Reactions
Guinea pigs previously sensitized with live M. bovis 
(BCG) or M. butyricum were skin tested with whole protoplasm, 
70S ribosomes and 50S and 30S ribosomal subunits from both 
organisms. Animals from both sensitized groups were killed 
6 and 24 hours after skin testing and their skins immediately
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fixed in 10% buffered formalin. A rectangular piece of skin 
excised transversally from the center of the previously out­
lined skin lesion was washed, dehydrated, cleared, infiltrated 
and embedded in paraffin using standard histological tech­
niques (58). Sections were cut at 5 u and stained with 
Dalifield's hemotoxalin and eosin stain utilizing the regres­
sive staining technique (59). It should be noted that 
”Skellysolve C,” which is essentially normal heptane, was 
used for clearing the tissues. This solvent gave better 
results than either xylene, dioxane or methyl salicylate.
In vitro Correlates to Delayed Hypersensitivity,Machrophage 
Inhibition Test
The macrophage inhibition test employed was a modifica­
tion of that described by David (23) , George (40) and Heise 
(50). Animals previously sensitized with 100 ug of viable 
M. butyricum suspended in IFA given s.q. in the hind footpad 
were employed in this study. These animals were shown to 
develop DH reactions when skin tested with the antigens under 
investigation. Normal guinea pigs of the same age and 
weight (500 gm) were used as negative controls.
Both sensitive and nonsensitive animals were injected
i.p. with 30 ml of sterile, light mineral oil four days 
prior to harvesting of the peritoneal exudate cells. The 
animals were killed and the cells harvested by injecting 
50 ml of cold, sterile minimal essential medium (MEM)(Grand
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Island Biological Co.) containing 6 units of heparin per ml 
into the peritoneal cavity, kneeding the cavity gently and 
withdrawing the peritoneal exudate cells with a syringe 
placed in a small mid-line incision made in the abdominal 
wall. The peritoneal fluid was then transferred to a cold 
sterile separatory funnel and maintained for 30 minutes at 
4^C to separate the oil and water phases. The separated 
aqueous phase was collected and centrifuged at 1 2 0 xg for 10 
minutes. The cell pellet, after decanting the supernatant, 
was resuspended in heparin free-MEM and washed twice with 
MEM. The last wash was done with MEM containing 15% normal 
guinea pig serum. The cells were adjusted to 10% concentra­
tion -
The cells were drawn by capillary action into sterile 
hematocrit tubes. One end was then sealed and the hemato­
crit tubes centrifuged at 30xg for 10 minutes. These tubes 
were then cut at the ce1 1 -supernatant interface and two 
tubes containing packed cells were fastened into a sterile 
Sykes-Moore tissue culture chamber (Bellco Glass Co.). Care 
was taken to insure that these tubes remained flat against 
the glass, thereby insuring proper migration. Each chamber 
then received either MEM, MEM containing PPD, MEM containing 
30 ug/ml of specific ribosomal antigen or 30 ug/ml of non­
specific ribosomal antigen. Bacterial contamination was 
controlled by including 50 ug streptomycin and 50 units of 
penicillin per ml of MEM containing 15% NGPS. The completely
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filled chambers were incubated at 37^C for 24 hours, and the
migration patterns were traced and recorded with the aid of
a camera lucida (Bausch and Lomb). The area of migration in
square inches was determined by measuring the tracings with
a Gelman planimeter.
The percentage of macrophage migration in the presence
of antigens is defined as the migration index (15 3).
M.I. = mean area of migration with antigen X 100
mean area of migration without antigen
The percent inhibition of migration (PIM) is determined by:
PIM = 100 - M.I.
Production of Skin Reactive Factor (S-RF) In vitro
The methods of Pick and Turk (119) were utilized with 
slight modification for the production of S-RF ir̂  vitro.
The preparation of the peritoneal exudate cells (PEC) was 
done as described in the MIF test. However, in this instance, 
the packed cells from BCG-sensitized and normal guinea pigs 
were resuspended in MEM containing the following additions : 
Eagles salts (0.3 gm/211 ml), L glytamine (100 mg/ml),
O.OOlM Na pyruvate, 0.2% carbowax (20M), penicillin 50 units/ 
ml, streptomycin (500 ug/ml) and mycostatin (250 units/ml).
The white cells from both groups were counted in a hemocy- 
tometer and adjusted to 1.2x10^ cells/ml. Five ml of the 
respective cell suspensions were placed in 30 ml sterile 
disposable tissue culture flasks (Falcon). BCG crude ribo­
somes, 50-30S ribosomal pool and purified protein derivative
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(PPD-G) from BCG was then added at a concentration of 10 and 
2 ug/ml of media. Control flasks were left without the 
addition of the antigen. The flasks were gassed with 95% 
air-5% CO2 and incubated at 37^C for 24 hours.
After incubation, the supernatant fluid was decanted 
and centrifuged at lOOxg for 30 minutes to remove whole 
cells. PPD was then added at 10 ug/ml to one set of the 
incubated controls.
Normal skin-test negative guinea pigs and BCG-sensitized 
skin-test positive animals were skin tested with the prepared 
culture fluid containing two doses (10 ug, 2 ug) of each type 
of antigen, no antigen or reconstituted antigen. This allowed 
the detection of lymphokines produced from sensitized lympho­
cytes. The cutaneous lesions were measured at about 3 , 6 ,  12 
and 24 hours and the volumes determined as described previously
Preparation of Anti-Ribosomal Sera
Anti-ribosomal serum was prepared in adult New Zealand 
strain rabbits and in mature Hartley strain guinea pigs. The 
method of antisera preparation was adapted from those 
suggested by Estrup (33) and Friedman (38) . The rabbits 
employed were given 3.0 mg of either crude ribosomes, 50-30S 
ribosomal subunit pool or UCS from M. bovis (BCG) or 
M. butyricum incorporated into IFA and administered into each 
hind footpad. Two booster doses of the same antigen concen­
tration were given two months apart. Test bleedings were
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done before and after boosting. The rabbits were bled by 
cardiac puncture 2 weeks after the second booster dose and 
the serum separated and frozen until needed. Capillary 
precipitation tests, as well as Immunoelectrophoresis tests, 
were performed before any antisera was pooled. The guinea 
pigs received 75 ug of BCG ribosomes in IFA and serum was 
collected at weekly intervals.
Other sera employed in this study were BCG whole anti­
serum produced in a sheep by 6 weekly injections of BCG 
protoplasm, cell walls and whole cells incorporated into 
complete Freund's adjuvant (CFA) and administered in the 
nape of the: neck and the hind legs. Weekly bleedings were 
taken and the 11 to 43 week bleedings which were shown to 
contain a maximum of 13 specific antibodies directed toward 
BCG antigen were used in this study. The other antiserum 
used only in the PCA test was rabbit antisera produced by 
injection of BCG protoplasm in IFA into the axillary and 
inguinal areas. This serum also produced multiple arcs with 
electrophoresed protoplasm.
Immunoelectrophoresis and Gel Diffusion Analysis
Anti-ribosomal sera were employed to determine possible 
cross reactivity between different ribosomal preparations. 
Two different lEP methods were employed. Generally, lEP was 
accomplished by a modification of the Scheidegger micro­
technique (133), and identities of many fractions were
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established by the Osserman method (105) . In all but a few 
instancesr sodium barbital buffer, ionicity 0.1 and pH 8.2, 
was used. In this buffer, ribosomes break down into various 
components and the antigens were then separated electropho- 
retically by application of 5 volts/cm of current for 45 
minutes. The slides were developed with appropriate anti­
sera . Agarose at a concentration of 0.8% was employed 
affording greater transparency of the medium, sharper separ­
ation of the precipitate lines and easier manipulation.
The second method of lEP analysis was adapted from that 
described by Dahlberg, e^ a^. (20) for two-dimensional 
electrophoresis. A gel consisting of 0.5% agarose and 2.25% 
acrylamide allows ribosomes and ribosomal subunits to 
penetrate the gel in̂  toto. Three ml of melted acrylamide- 
agarose was placed on a microscope slide and cooled to room 
temperature. The agarose solidified in 5-10 minutes and about 
an hour later, the acrylamide polymerized due to the action of 
a chemical catalyst, 3 - (dimethylamino) proprionitrile, DMAPN, 
which had been incorporated into the hot gel mixture. Prior 
to use, the polyacrylamide-agarose gel was electrophoresed 
for one hour to remove any unpolymerized material and to 
exchange water with the desired buffer. Slides prepared with 
this gel were extremely clear and easy to handle. Micro- 
Ouchterlony slides (107) were also prepared with the 0.8% 
agarose and comparisons between ribosomal preparations were 
made.
CHAPTER III
RESULTS
Isolation and Purification of Ribosomes and Ribosomal Subunits
In order to facilitate the isolation and purification of 
ribosomes from mycobacterial species, it was essential that 
the methods to be used be tested by isolating ribosomes from 
E. coli since these ribosomes have been best characterized 
and the isolation system has been sufficiently investigated 
by others. A RNAase” strain, E. coli MRE 600, was grown for 
3 hours on an enriched semi-defined liquid media. At this 
time, the cells were in the log growth phase as determined by 
growth curve studies. The cells were then harvested by 
continuous flow centrifugation and immediately frozen. The 
frozen cells were dispersed in wash buffer and disrupted in 
a Sorvall-Ribi cell fractionator. The effluent was centri­
fuged to remove cellular debris and the ribosomes were 
pelleted by high speed centrifugation and analyzed by ana­
lytical centrifugation. With this isolation procedure, it 
was possible to obtain from E. coli the 70S ribosomes and 
50S and 30S ribosomal subunits.
Using similar methods, crude ribosomes from M. bovis 
(BCG) and M. butyricum were subsequently isolated. They 
were analyzed for possible degradation in the Spinco model E 
analytical ultracentrifuge. These crude ribosomes were
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overlayed on a 10-30% sucrose density gradient, centrifuged, 
fractionated and the absorbance monitored at 26 0 mu with a 
Gilford spectrophotometer. The results of a typical isola­
tion procedure are shown in Figure 1. Fractions collected 
in the checked area of the figure were utilized for the 70S 
preparation. A typical isolation of the 508 and 305 ribosomal 
subunits (Figure 2) was made by concentrating the crude ribo­
somal preparation by ultracentrifugation and overlaying this 
sample on a 10-30% sucrose density gradient containing SOS 
buffer instead of the wash buffer used in preparation of 70S 
ribosomes. Again, the checked area represents those fractions 
collected that were utilized for further studies. Care was 
taken to obtain a clean separation both in determining the 
location of the various cutoff points as well as ensuring 
that the gradient was not overloaded. These results show 
that 70S, SOS and 30S ribosomes and ribosomal subunits can be 
isolated from mycobacterial species and that purification of 
the ribosomal particles can be accomplished with sucrose 
density gradient centrifugation. These isolation and purifi­
cation procedures are identical to the method utilized by Hill 
(54) for E. coli with one notable exception; a O.OOlM concen­
tration of the Mg"*“̂  was essential if intact 505 and 305 ribo­
somal subunits are to be isolated from mycobacteria species. 
This concentration of Mg"*"̂  is 2.5 times that required in the 
standard isolation system used for E. coli.
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Figure 1. Isolation of 70S ribosomes from M. bovis (BCG) on 
10-30% sucrose density gradient- 35 A2g0nm crude ribosomes 
centrifuged at 81,500xg for 6 hours on SW-27 rotor in wash 
buffer. Temperature was 2°C. Absorbance was recorded at 
260 nm. Fractionation done using Gilson escargot fraction 
collector set to collect 1 ml samples. Shaded area represents 
combined fractions utilized for further studies.
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Figure 2. Isolation of 50S and 30S ribosomal subunits from 
M. bovis (BCG) on 10-30% sucrose density gradient. 90 
of crude ribosomes centrifuged at 81,500xg for 8.5 hours on 
SW-2 7 rotor in SOS buffer. Temperature was 3°C. Fraction­
ation was done using a Gilson escargot fraction collector 
set to collect 1 ml samples. The absorbance was recorded 
at 260 nm. Shaded area represents combined fractions 
utilized for further studies.
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Chemical and Physical Analysis of Ribosomes
In order to provide a quick semi-quantitative assay to 
determine to what extent the ribosomal preparations were con­
taminated with membranes, the spectrophotometric 260/280 nm 
ratio was chosen. With this test, as described by others 
(152), it was found that a ratio of about 1.6 denotes a high 
concentration of membranous material associated with the 
ribosomal preparations, while a ratio of about 2.0 denotes 
the absence of membranous and other extraneous material from 
the ribosomes. It was observed that, in general, washed 
crude ribosomes gave 260/280 ratios averaging 1.8. When 
these same ribosomes were reduced to the 50-30S ribosomal 
subunits by lowering the Mg"*"̂  concentration to lxlO”^M and 
treating these subunits with 0.2% DOC, the ratio changed to 
about 1.92. When the ratio surpassed 2.0, the RNA content 
went up to greater than 80%, indicating protein loss.
The RNA to protein ratios were found to be generally 
55/45 (+2) from crude ribosomes from both mycobacteria. The 
ribosomal subunits from both mycobacteria in general, gave 
ratios of 62/38 (+2). However, some M. bovis (BCG) subunit
preparations had 27/33 ratios and some M. butyricum ribo­
somal subunits were just the opposite with 79/21 ratios.
Visual checks for purity of the ribosomal preparations 
was accomplished with a Simons electron microscope. Crude 
ribosomes, as well as 50S and 303 ribosomal subunits from 
both mycobacteria, were examined at up to 40,000X magnification
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Two samples from each preparation were stained, one positively 
with 1% uranal acetate and the other sample was negatively 
stained with 2% phosphotunstic acid. The samples, diluted 
1:10, were mixed with the stain, allowed to stand 3 minutes, 
placed on prepared grids until wetting occurred, and the 
excess removed with a capillary pipette. Upon examination, 
it was observed that too high a concentration of ribosomes 
was present. However, individual ribosomes were discernable 
and, even at this high concentration, there were no membran­
ous structures evident in any of the preparations examined.
Svedburg values (S) corrected to were obtained
from M. bovis (BCG) and M. butyricum 50-30S ribosomal pools. 
The ribosome preparations were placed in 4^ single sector 
Kel-F cells at a concentration of between 60 and 90 A2gQnm 
units, centrifuged in a Spinco model E analytical and ultra­
centrifuge at 50,740 rpm with the RTIC control set at 4^0.
Upon reaching speed, 5 pictures were taken at 4 minute inter­
vals on 2x10 inch metalographic plates. These plates were 
processed in D-11 developer for 5 minutes, washed, fixed and 
dried. The peaks were measured on a Nikon 6-C Microcom­
parator and the sedimentation coefficients obtained by the 
formula :
S = Inr^ - Inr^ where r̂  ̂ = distance of peak in cm
from axis of rotation at time (t^)
r2 = distance of peak in cm 
from axis of rotation at time (t2 )
w = RPM X 2 rad/rev 
60 sec/min
A t  = t. - t2
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This data gave ranges of 43.7S to 4 8.5S for the 50S 
ribosomal subunit and ranges of 24.IS to 25.9S for the 308 
subunit. The apparent lower values are normal when it is 
realized that the SOS subunit is being forced through the 
30S subunit and therefore, the system is slowed down by what 
has been estimated to be 4-5S units. When the interference 
factor is considered, it is observed that the values for the 
two ribosomal subunits are within the range of normal values 
obtained for 50S and 30S ribosomal subunits.
The percent yield of crude ribosomes from both myco­
bacteria using the Sorvall-Ribi cell fractionator appear to 
be about 0.3-0.9% of the packed wet weight of the cell. The 
percent disruption as determined by plate count was between 
85-99% efficient indicating there are few free ribosomes 
which are detached from the membranes. It was observed that 
frozen mycobacteria disrupted at 30,000 psi consistently 
yielded less than half the amount of ribosomes obtainable 
from fresh unfrozen cells. By increasing the disruption 
pressure to 40,000 psi, the yield could be increased to about 
70% of that obtained with fresh unfrozen cells. Disruption 
pressures of 50,000 psi led to drastic reductions in yields 
for both frozen and unfrozen cells.
Assay of the total lipid content of crude ribosomes and 
50S and 30S ribosomal subunits from both mycobacteria was 
attempted by gas chromotography. The methyl palmitate and 
methyl oleate used as the standards gave good reproducible
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results. However, when the ribosomal preparations were 
chromatographed, irreproducible results were obtained. The 
data collected suggest that méthylation appeared to b e , at 
best, about 50% complete instead of the 90-98% méthylation 
usually observed. Also, results indicating possible competi­
tion between ribosomal components and the lipid for méthyla­
tion were noted. Because this experiment was run to detect 
minute amounts of lipid (0.4 mg and lower), any extraneous 
lipid due to stopcock grease, finger prints, etc., would 
cause disproportionately large errors. These and other 
factors led to inconclusive and incomplete results.
Cutaneous Delayed Hypersensitivity Provoked With 70S Ribosomes
Groups of guinea pigs were sensitized with live M. bovis 
(Vallee), M. butyricum or E. coli and used to determine 
whether or not 70S ribosomes could provoke DH reactions.
After these guinea pigs were shown to have developed positive 
DH reactions to homologous protoplasm, they were skin tested 
with 70S ribosomes from the three organisms under study. The 
results, recorded in Table 2, showed a marked difference in 
the volumes of lesions provoked with homologous 70S ribosomes 
and protoplasm over those provoked with the heterologous 
preparations.
Ten mg of E. coli 70S ribosomes failed to cause a 
reaction in either M. bovis-or M. butyricum-sensitized 
animals, but in E. coli-sensitized guinea pigs, positive
Table 2. Specificity of delayed reactions* elicited in guinea pigs sensitized with coli, 
M. butyricum or M. bovis (Vallee) and skin tested with antigens derived from coli, M. butyricum 
and M. bovis (BCG).
An tlgen Amount (ug) of antigen (dry weight) provoking a
sensitized with :
24 hour reaction in guinea pigs
M. bovis M. butyricum E. coli
10.0 1.Ô Ù.T 0.25 0.125 0 .062 10.0 1.0 Ô.5 Ô.25 0.12b 0 .062 10 .0 1.7 0.5 0 .25
E. coli 70S 
ribosomes
0/6+ 0/6 0/6 0/6 0/6 0/6 0/5 0/5 0/5 0/5 0/5 0/5 4/5 0/5 0/5 0/5
M. butyricum 
70S ribosomes
3/6 1/6 0/6 0/6 0/6 0/6 5/5 5/5 2/5 1/5 1/5 0/5 0/5 0/5 0/5
M. butyricum 
protoplasm
1/6 1/6 1/6 0/6 0/6 0/6 5/5 5/5 3/5 1/5 0/5 0/5 0/5 0/5 0/5
BCG 70S 
ribosomes
_* * 6/6 6/6 5/6 5/6 1/6 4/5 1/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
BCG proto­
plasm
- 6/6 6/6 6/6 3/6 1/6 2/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5 0/5
4:̂
VD
* 2 4 hour reaction greater than 10x10x0.4 mm (15 mm )
Nu m erator - no. of animals positive 
D e n o minator - no. of animals tested
** This dilution was not tested
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reactions were provoked in 4 of 5 animals injected with the 
same amount of antigen,
M. butyricum 70S ribosomes reacted in 2 of 5 M. bovis- 
sensitized animals injected i.d, with 10 ug of antigen, 
produced positive reactions in 2 of 5 animals sensitized 
with M, butyricum and injected with 0.25 ug and failed to 
provoke DH reactions in E. coli-sensitized animals. The 
data obtained with M. butyricum protoplasm was comparable to 
that obtained with the 70S ribosomes.
BCG 70S ribosomes provoked positive reactions in 5 of 6 
BCG-sensitive animals with a dose of 0.125 ug while 4 of 5 
M. butyricum-sensitive guinea pigs gave positive reactions 
with the 10 ug dose. Again, no positive DH reactions were 
evident with the highest dose tested in the E. coli-sensitive 
animals. Protoplasm obtained from BCG organisms gave similar 
results to those found with BCG 70S ribosomes. The results 
as shown in Table 2 indicate that the potency and specificity 
of the 70S ribosomes of mycobacteria were equivalent to that 
of protpplasm.
Delayed Hypersensitivity Specificity Studies With 70S, 50S, 
and 30S Ribosomal Particles
Since the 70S ribosome was found to be both as potent 
and specific a skin test antigen as the homologous proto­
plasm, the next logical step was to test the subunits for 
potency and specificity as skin test antigens. The ability
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of M. bovis (BCG) 70S ribosomes and SOS and 30S subunits to 
provoke delayed reactions in guinea pigs sensitized with 
M. bovis was therefore studied. The results are shown in 
Table 3 and indicate that the 30S subunits were more effective 
in provoking DH reactions than either the SOS subunits or the 
70S ribosomes.
The 30S ribosomal subunits provoked delayed reactions in 
4 of 6 animals tested at the 0.062 ug level, whereas the 
smallest amount of 70S ribosomes and SOS subunits which 
provoked positive skin reactions in S0% of the animals was 
0.25 ug. These same preparations were subsequently tested in 
animals sensitized with M. butyricum. In these animals, 10 
ug of the BCG protoplasm, 70S and SOS ribosomal particles and 
1 ug of the 30S subunits provoked reactions.
To determine the extent to which delayed hypersensi­
tivity reactions would be influenced by possible non- 
ribosomal contaminants, crude ribosomes from BCG were 
separated by centrifugation through a 10-30% sucrose density 
gradient made with SOS buffer. A 0.1 ml volume of a 1:10 
dilution from each tube of the fractionated ribosomal prepar­
ation was injected into sensitized guinea pigs and the skin 
lesion volumes measured. As can be seen in Figure 3, all the 
positive skin reactive fractions coincided with the SOS and 
30S ribosomal preparations as plotted by 260 and 280 nm. This 
indicates that possible non-ribosomal contaminants did not 
possess the ability to provoke a positive DH reaction.
Table 3. Relative potency of antigens derived from M. bovis (BCG) to elicit
1
delayed reactions* in guinea pigs sensitized with virulent M. bovis (Vallee).
Antigen Amount (ug) of antigen (dry weight) provoking 
24 hour reaction
a
1.0 0.5 0.25 0.125 0.062
70S ribosomes 6/6** 6/6 3/6 0/6 0/6
SOS ribosomal 
subunits
4/6 4/6 3/6 1/6 0/6
30S ribosomal 
subunits
6/6 6/6 5/6 4/6 4/6
Protoplasm 6/6 6/6 6/6 1/6 0/6
Ü1to
* 24 hour reaction greater than 10x10x0.4 mm (15 mm^)
** Numerator - no. of animals positive 
Denominator - no. of animals tested
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Figure 3; Fractionation of 50-30S ribosomal subunits of M.bovis by sucrose
density gradient centrifugation. Delayed hypersensitivity elicited by
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The specificity of the delayed reaction elicited by 
injection of purified SOS and 308 ribosomal subunits into 
sensitized animals was studied. Although Worcel, e_t al.
(179) have shown that sucrose density gradient centrifuga­
tion is an effective method for obtaining purified ribosomes 
from M. bovis, it was considered possible that membranous 
material may be attached to the ribosomal subunit. There­
fore , the washed crude ribosomes from both M. bovis (BCG) 
and M. butyricum were initially purified by reducing the 
Mg'*"*" concentration to obtain 508 and 308 ribosomal subunits. 
These were treated with 0.2% deoxycholate (DOC) to remove 
any residual membranous material associated with the ribo­
somal subunit and were further purified by 10-30% linear 
sucrose density gradient centrifugation.
These purified 508 and 308 particles were tested for 
their ability to provoke DH reactions in sensitized animals. 
The results recorded in Table 4 indicate that 0.062 ug of 
BCG 308 ribosomal subunits and BCG protoplasm were effective 
in provoking DH reactions in homologously sensitized guinea 
pigs y but 0.5 ug of BCG 508 subunits were required to produce 
the same effect. When these same preparations were tested in 
M. butyricum-sensitized animals, 1.0 ug of the two subunits 
were reactive, while 0.5 ug of BCG protoplasm reacted.
M. butyricum protoplasm, 508 and 308 ribosomal subunits 
were tested on homologously sensitized animals. The 308 
subunit and protoplasm were also found to be equally reactive
Table 4. Specificity of delayed reactions* elicited by purified** 50S and 30S ribosomal subunits 
and protoplasm, obtained from both M. bovis (BCG) and M. butyricum in guinea pigs sensitized with 
live M. bovis (BCG) or M. butyricum.
Antigen Amount (ug) of antigen (dry weight) provoking a 
sensitized with:
24 hour reaction in guinea pigs
M. bovis (BCG) M. butyricum
10 1.0 O.S 0.2S 0.12S 0.062 10 1.0 0.5 0.25 0.125 0.062
BCG protoplasm _+ - 515^ 5/5 5/5 1/5 9/9 8/9 5/9 - - -
BCG 30S subunit - - 5/S 5/S 5/5 3/5 - 3/9 0/9 0/9 - -
BCG SOS subunit - - 3/S 0/5 0/5 0/5 6/9 4/9 1/9 0/9 - -
M. buty. proto­
plasm
5/S 4/S 2/S - - - - - 9/9 9/9 8/9 3/9
M. buty. 30S 
subunit
- 4/S 1/5 0/5 - - - - 9/9 9/9 8/9 5/9
M . buty. SOS 
subunit
3/5 3/5 1/5 0/5 - - - - 5/9 2/9 1/9 1/9
UiLn
*
+
24 hour reaction greater than 10x10x0.4 mm (15 mm )
Ribosomes purified by sucrose density gradient and treated with 0.2% deoxycholate
This dilution was not tested
Numerator - no. of animals positive 
Denominator - no. of animals tested
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in the 0.062 ug amounts, while the minimal amount of 
M. butyricum 50S subunit required to elicit positive reactions 
was 0.5 ug. These preparations were then tested on BCG- 
sensitized animals and 1.0 ug of each preparation gave 
positive reactions. These results indicated that the 
specificity and sensitivity of the purified 30S ribosomal 
subunit from either organism were equal to or greater than 
that obtained with protoplasm. On the other hand, the 50S 
subunits were 8 fold less sensitive than either the 30S 
subunits or the homologous protoplasm, and exhibited greater 
cross reactivity than the 30S ribosomal subunit.
The purified 50S and 30S ribosomal subunits and proto­
plasm from both M. bovis (BCG) and M. butyricum were subse­
quently skin tested at the 10 ug dose level in normal and 
E. coli-sensitive guinea pigs. All preparations from both 
mycobacteria failed to provoke DH reactions in either normal 
or E. coli-sensitive animals-
Attempts were made to correlate the effect of subunit 
unfolding on the DH reactivity. However, when the 70S and 
50S and 308 ribosomal subunits from both BCG and M. butyricum 
were dialized vs. distilled water for 10 hours to unfold the 
particle, the retenate contained very little DH reactivity.
The dialsate was not tested.
Comparison of protoplasm and ribosome-free protoplasm 
as skin test agents was studied. Ultracentrifuged (ribosome 
free) supernatant (UCS) was tested in volumes equivalent to
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those of the crude extract (CE) from which it was derived and 
also in dry weights equivalent to those of the CE. The crude 
extract is a preparation considered to be the equivalent of 
protoplasm except that the cells were disrupted in magnesium 
buffer. The results of skin tests performed with CE and UCS 
are shown in Table 5. The UCS was tested in volumes equiva­
lent to those of the CE from which it was derived and also 
in dry weights equivalent to those of CE. It was observed 
that UCS-MF possessed the same skin reactivity as UCS, 
indicating the absence of intact ribosomal particles.
Induction of Delayed Hypersensitivity in Guinea Pigs and 
Rabbits With Ribosomes
Rabbits were used to determine whether ribosomes were 
capable of inducing delayed hypersensitivity, and/or anti­
body production. In the first experiment, groups of 3-5 
rabbits were immunized with crude ribosomes, 50-30S pool or 
UCS from M. bovis (BCG) or M. butyricum. A dose of 3 mg/ 
animal if ICF was divided in two equal aliquots and injected 
s.q. into the hind footpads, as suggested by Estrup (33) and 
Friedman (38). A booster dose administered in the same way 
was given 5 weeks later. Pre- and post-booster serums were 
obtained. These animals were subsequently skin tested with 
10 and 1 ug of both the homologous protoplasm and the 
homologous sensitizing antigen. In all cases, the 1.0 ug 
dose of antigen was ineffective in provoking a positive
Table 5. Relative potency of antigens derived from M. butyricum 
to elicit delayed reactions* in guinea pigs sensitized with M. butyricum 
or M. bovis.
Antigen Amount (ug) of antigen provoking a 24 hour reaction in 
guinea pigs sensitized with:
M . butyricum M. bovis
1.0 0.5 0.25 0.125 0.062 1.0 0.5 0.25
CE** 5/5+ 5/5 5/5 5/5 1/5 5/5 1/5 0/5
UCS°(Vol.) 4/5 4/5 3/5 0/5 0/5 0/5 0/5 0/5
UCS (dry wt.) 5/5 5/5 5/5 4/5 0/5 5/5 0/5 0/5
* 24 hour reaction greater than 10x10x0. 4 mm (15 mm^)
ui00
** CE - Crude extract
 ̂ UCS - Ultracentrifuged (ribosome free) supernatant
Numerator - no, of animals positive 
Denominator -no. of animals tested
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delayed hypersensitivity reaction. The results obtained with 
the 10 ug dose are shown in Table 6.
Of the 22 rabbits sensitized with crude ribosomes,
50-30S pool or UCS preparations, 6, or 27%, reacted with 
delayed-type hypersensitivity reactions when tested with 
homologous protoplasm. When only crude ribosome and 50-30S 
pool preparations were examined, the number of rabbits show­
ing positive delayed hypersensitivity reactions to protoplasm 
was 5/15 or 33%.
When the homologous antigens used to sensitize the 
animals were used to provoke delayed hypersensitivity 
reactions, 8/22 or 36% of the rabbits gave a positive delayed 
hypersensitivity reaction. If only the crude and 50-30S pool 
ribosomal antigens were considered, 7/15 or 4 7% of the rabbits 
had positive delayed hypersensitivity reactions. Two of the 
rabbits sensitized with BCG crude ribosomes and skin tested as 
noted above were skin tested a second time 11 months after 
immunization with BCG protoplasm and the homologous antigen. 
One rabbit gave positive delayed hypersensitivity reactions 
to both provoking antigens and one only to the specific 
homologous crude ribosome preparation.
Of those rabbits which gave positive delayed hyper­
sensitivity reactions to the crude ribosome and 50-30S 
preparations from the two mycobacteria species, 5/15 or 33% 
also had Arthus-type reactions to the homologous antigen.
It was also observed that 3/15 or 20% of the rabbits had a
Table 6. Induction of delayed hypersensitivity and Arthus reactions in rabbits immunized with 
two subcutaneous injections of 3 mg of ribosomal preparations of either M. bovis (BCG) or M. butyricum 
in ICF. Delayed hypersensitivity provoked with 10 ug doses of homologous protoplasm or sensitizing 
antigen.
Sensitizing
antigen
No. of animals with 
delayed hypersensitivity
No, of animals with 
mixed reactions
No. of animals with 
Arthus reactions
No . reacting to : No. reacting to: N o . reacting to :
Protoplasm Sensitizing
antigen
Both
antigens
Protoplasm Sensitizing
antigen
Protoplasm Sens itizing 
ant igen
Crude 
ribos omes
1/9* 1/9 2/9 0/9 3/9 0/9 2/9
50-30S
pool
0/6 2/6 2/6 0/6 1/6 0/6 1/6
UCS 0/7 0/7 1/7 0/7 0/7 0/7 0/7
* No positive/group
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positive Arthus reaction to the homologous sensitizing antigen 
but no discernable delayed hypersensitivity reaction. The CR 
and 50-30S pool, therefore, are good immunogens causing one or 
more immunological responses to occur in all the animals tested
In the second experiment, groups of 3 guinea pigs each 
were immunized with BCG 70S ribosomes either suspended in ICF 
and injected into the axillary and inguinal regions and the 
nape of the neck or with a sucrose density gradient prepara­
tion injected in the same areas without incorporation into 
adjuvant. On the 9th day, both groups of guinea pigs appeared 
to have induration and some erythema 6 hours after the skin 
testing. No actual measurements were taken as the lesions 
did not appear to be sufficiently enlarged to be considered 
positive (10x10x0.4 mm). In both groups at 24 hours, 1 of 3 
animals immunized with 70S ribosomes in ICF had positive 
delayed hypersensitivity reactions provoked with a 0.5 ug 
dose of the BCG 70S ribosomes. After 14 days, these animals 
were again skin tested. This time 1 of 3 animals given the 
70S ribosomes in ICF exhibited positive delayed hypersensi­
tivity reactions while there were no positive skin reactions 
in the group sensitized with the 70S ribosomes in sucrose.
Both groups of guinea pigs were subsequently skin tested 
6 months later and found to display no DH reactions to BCG 
protoplasm, BCG crude ribosomes or the BCG 50-30S ribosomal 
subunit pool.
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Histology of Ribosomal-Provoked Skin Reactions
In order to clarify whether ribosomes or ribosomal 
subunits were capable of provoking true DH reactions, skin 
lesions provoked by ribosomal antigens in sensitized guinea 
pigs were excised and sectioned. The sections were then 
examined histologically to ascertain if the histopathological 
findings were in agreement with those which are considered to 
be indicative of delayed hypersensitivity as reported by 
Waksman (171), Cell (39) and Turk (167). Guinea pigs 
sensitized with either M. bovis (BCG) or M. butyricum whole 
cells were skin tested with 1 ug doses of whole protoplasm,
70S ribosomes and 5OS and 30S ribosomal subunits from both 
mycobacteria species. One animal from each sensitized-skin 
tested group was sacrificed at 6 and another at 24 hours.
The lesions were then excised, quickly fixed, processed for 
histological preparations and paraffin sections made. 
Photomicrographs of two representative sections are shown in 
Figures 4A, 4B, 40 and 4D. All of the skin reactions provoked 
by ribosomal antigens exhibited the characteristic collection 
of mononuclear cells (lymphocytes and histiocytes) around 
veins in the deep dermis, subcutaneous fat and connective 
tissues and the septa of the underlying muscle. General 
tissue necrosis, with the accompanying phenomona of poly- 
mo rphnucl ear infiltration and hemorrhage was not noted. Thus, 
it appears that from a histological standpoint, the ribosome
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FIGURE 4
TWENTY-FOUR HOUR SKIN REACTION TO PROTOPLASM AND BCG 
30S RIBOSOMAL SUBUNIT IN BCG SENSITIZED GUINEA PIGS.
C AND D ARE FROM THE SAME LESION.
A. Normal skin; normal tissue (220x)
B. Delayed hypersensitivity reactions provoked with BCG
protoplasm; mononuclear cell invasion in lower dermis 
(114x)
C. Delayed hypersensitivity reactions provoked with BCG
30S ribosomal subunit; mononuclear cell invasion and
oedema in lower dermis (IlOx)
D. Delayed hypersensitivity reactions provoked with BCG
30S ribosomal subunit, mononuclear cell invasion of
epidermis just below hair follicle (620x)
All paraffin sections were cut at 5 u and stained with 
H and E stain.
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and ribosomal subunit do possess the ability to provoke DH 
reactions.
An In vitro Correlate to Delayed Hypersensitivity; the 
Macrophage Inhibition Test
To determine if delayed hypersensitivity could be 
detected vitro and correlated to the ^  vivo results noted 
earlier, the macrophage migration inhibition test was per­
formed .
Oil stimulated periotneal exudate cells from normal 
guinea pigs were incubated in capillary precipitin tubes in 
the presence of media containing one of the following 
antigens: butyricum crude ribosomes, butyricum 50-30S
ribosomal pool, BCG crude ribosomes, BCG 50-30S ribosomal 
pool and no antigen. The mean areas of macrophage migration 
in those samples incubated with the BCG and M. butyricum 
50-30S antigen pools were roughly equal; however, the 
macrophages incubated with crude ribosomes from M. butyricum 
showed about 30% less migration than did comparable cells 
incubated with BCG crude ribosomes. Because of possible 
variable migration patterns, sufficient controls were 
included each time the test was performed.
Oil stimulated peritoneal exudate cells, harvested from 
guinea pigs sensitized with live M. butyricum cells and 
incubated in the absence of antigen gave migration patterns 
similar to those observed with normal cells, while both 
M. butyricum crude ribosomes and 50-30S pool decreased the
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mean area of migration two fold compared to the inhibitory 
effect of similar antigens obtained from M. bovis (BCG). In 
comparing the results observed between M. butyricum 
sensitized and normal peritoneal exudate cells (Table 7 and 
Figure 5), it was found that the macrophage migration was 
inhibited three fold with butyricum crude ribosomes and 6.3 
fold with butyricum 50-30S pool. Crude ribosomes from BCG 
gave a two fold inhibition and the BCG 50-30S pool gave a 
3.5 fold decrease in cell migration.
The percent inhibition of migration of sensitized 
macrophages by M. butyricum crude ribosomes was 66% as 
compared to 50% with crude ribosomes of M. bovis (BCG) as 
shown in Figure 6. Homologous 50-30S ribosomal pool from 
M. butyricum gave 84% inhibition while the BCG 50-30S 
ribosomal subunit pool gave 72% inhibition. Thus, it was 
observed that the specific antigen, either in the form of 
crude ribosomes or the 50-30S subunit pool, caused greater 
inhibition than did similar preparations isolated from 
M. bovis (BCG). The relationships among these four groups of 
antigens appeared to be essentially constant.
The Effect of Skin Reactive Factor From Normal Peritoneal 
Exudate Cells Tested on Normal and BCG-Sensitized Guinea Pigs
Skin reactive factor (S-RF) produced by various antigens 
in tissue cultures of normal peritoneal exudate cells was 
tested intracutaneously in normal and BCG-sensitized guinea
Table 7. Macrophage Inhibition Test. Comparison of peritoneal exudate cells from normal and
M. butyricum sensitized guinea pigs incubated 
migration.
with various antigens causing inhibition of
Source of peritoneal Incubation MAM+ Range MI'̂
exudate cells (PEC) medium
Normal guinea pigs No antigen 0.919 .85-.99 100
Buty. CR 0.572 .24-.87 62.2
Buty. 50-30S 0.742 .56-.75 80.8
BCG CR 0.846 .58-1.31 92.3
BCG 50'30S 0. 784 .71-.93 85.3
Guinea pigs stimulated No antigen 0.846 .51-1.2 100
with live M. butyricum Buty. CR 0.193 .15-.26 22.8
cells Buty. 50-308 0.117 .07-.19 13.8
BCG CR 0.422 .29-.60 50.0
BCG 50-30S 0.22 .10-.45 26.0
Percent of Migration using Internal Normal PEC Controls
% Migration 0 % Inhibition
Guinea pigs stimulated No antigen 92.3 7.7
with live M. butyricum Buty. CR 33.8 66.2
cells Buty. 50-30S 15.8 84.2
BCG CR 50.0 50.0
BCG 50-30S 28.0 72.0
^ Mean area of migration in square inches
+ Migration index = Mean area of migration with antigen X  100
Mean area of migration without antigen
° % migration = Mean area of migration with antigen in sensitized PEC X 100
Mean area of migration without antigen in normal PEC
m
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Figure 5 : Results of macrophage inhibition test. Area of 
spreading of macrophages of normal and M. butyricum 
sensitized guinea pigs exposed to various antigens.
M. butyricum sensitized peritoneal exudate cells 
Normal peritoneal exudate cells.
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Figure 6 ; Percent inhibition of migration of macrophages 
from M. butyricum sensitized guinea pigs compaired to 
that of normal guinea pigs. Cells tested with M.butyricum 
crude ribosomes and 50-308 subunits ̂ M.bovis (BCG) crude 
ribosomes and 50-308 subunits and without additional 
antigens.
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pigs. The results are shown in Figures 7A and 7B. The 
production of S-RF was induced with BCG crude ribosomes (CR) , 
BDG 50-30S pool or PPD in doses of 10 and 2 ug/ml. PPD added 
to previously incubated controls served as a reconstituted 
PPD control, and a tissue culture containing no antigen 
served as uninduced controls. The media utilized in this
system was skin tested and found to be devoid of any signifi­
cant skin activity.
When tissue cultures of normal peritoneal exudate cells 
were incubated vitro with each of the above antigens and 
the supernatants from these cultures were injected intra- 
cutaneously into normal Hartley strain guinea pigs, only the 
BCG crude ribosome antigen gave a positive reaction. The 
maximum reaction occurred between 4 and 7 hours when the 
skin lesion volume was plotted v s . time (Figure 7A). When 
the same supernatants from normal peritoneal exudate cells 
were skin tested on BCG-sensitized guinea pigs and the 
volume of the skin lesions plotted v s . time (Figure 7B) ,
double peaks were noted at 6 hours and 24 hours with both
BCG 50-30S pool and with PPD, while the reconstituted PPD 
and BCG crude ribosomes show a continual rise in skin test 
volume up to 24 hours when the last readings were made. A 
parallel, but generally less intense skin reactivity, was 
achieved with S-RF induced with 2 ug/ml of the ribosomal 
antigens.
Figure 7. Skin-reactive factor (SRF) from normal peritoneal exudate cells incubated in vitro 
with various antigens; 0.1 ml injected intradermally into normal and BCG-sensitized guinea pigs.
(# #)Control system reconstituted with 10 ug PPD;(A— A) SRF produced with 10 ug PPD;
(O 0)SRF produced with 10 ug BCG-crude ribosomes;(0— □) SRF produced with 10 ug BCG-
50-308 ribosomes; (------)Positive reactions are 15 mm^ or greater.
Skin reaction in
B
Skin reaction in
200 200 _ BCG-sensitized guinea pigsnormal guinea pigs
"e 150 _8 88 150
o
>
o> 100 - 100 -ao
■H
(00)
tio•Hm0)
a•H 50 - 50
2010020100
H
Time (Hours) Time (Hours)
72
The Effect of Skin Reactive Factor Produced in BCG-Sensitized 
Peritoneal Exudate Cells and Tested on Normal and BCG- 
Sensitized Guinea Pigs
Separate groups of normal and previously sensitized 
guinea pigs were injected intracutaneously with supernatants 
containing S-RF produced vitro from sensitized peritoneal 
exudate cells which were incubated with the various ribosomal 
antigens used above (Figures 8A and 8B). If the supernatant 
from sensitized peritoneal exudate cells treated with the 3 
antigens were tested in normal guinea pigs and the lesion 
volumes plotted, all of the antigens exhibited a high rate 
of increase in the volumes of the lesions as compared to the 
controls. These lesions reached maximum intensity at about 
7 hours, subsided by 13 hours and were, with the exception 
of the crude ribosome antigen, not positive at 25 hours 
(Figure 8A). The BCG crude ribosome antigen gave over three 
times as much skin test reactivity as that observed with the 
rest of the preparations.
When data from sensitized animals provoked with super­
natants containing S-RF and ribosomal antigen was graphed, a 
distinct bi-modal graph was evident (Figure 8B). The same 6 
hour peak induced by S-RF was again noted which declined by 
12 hours, then a second peak appeared at 24 hours. This 
delayed hypersensitivity portion of the curve was provoked 
by the antigens used to induce S-RF production. The reconsti­
tuted PPD and BCG crude ribosomes showed increased skin
Figure 8. Skin-reactive factor (SRF) from BCG-sensitized peritoneal exudate cells incubated 
in vitro with various antigens; 0.1 ml injected intradermally into normal and BCG-sensitized guinea pigs. 
(O— 0)Control system reconstituted with 10 ug PPD;(A— A) SRF produced with 10 ug PPD;
(#— 0)SRF produced with 10 ug BCG-crude ribosomes ;(#— #) SRF produced with 10 ug BCG- 
50-30S ribosomes;(-----) Positive reactions are 15 mm^ or greater.
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reactivity when observed at 24 hours while the BCG 50-30S 
ribosomal pool and PPD antigen declined in reactivity.
Serological Analysis of Ribosomal Particles
The analysis of ribosomal particles by Immunoelectro­
phoresis is shown in Figure 9, slide A. Nine precipitin 
arcs appeared when BCG protoplasm was electrophoresed and 
developed with BDG antiserum (upper trough), and only 2 arcs 
when developed with BCG-CR antiserum (lower trough). Follow­
ing electrophoresis of BCG 50-30S pool (slide B ) , 6 arcs were 
developed with BCG antiserum (upper trough) and 8 arcs with 
BCG-CR antiserum (lower trough). Employing the Osserman 
technique, BCG 50-30S pool was electrophoresed with BCG-CR 
antisera in the upper trough and homology tested with BCG 
50-30S pool in the lower trough (slide C ) . The 10 arcs 
which developed formed lines of identity with the homologous 
antigen. If the preparations just described were electro­
phoresed in 50S buffer, pH 7.2, instead of barbital buffer, 
the ribosomal particles apparently remained intact and, when 
developed with specific antisera, gave only 2-3 heavy sharp 
precipitin arcs. This technique failed to show the immuno­
logical diversity found with the previous system.
Micro-Ouchterlony slides were prepared using 0.8% 
agarose as gel. As can be seen from slide D, the BCG anti­
sera (center well) reacted strongly with BCG-CR (right top 
well), showing at least 5 precipitation bands, while BCG
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FIGURE 9
IMMUNOELECTROPHORESIS AND MICRO-OUCHTERLONY ANALYSIS OF 
SELECTED RIBOSOMAL PREPARATIONS WITH VARIOUS ANTISERA.
SLIDE A BCG whole antisera (top trough)
BCG protoplasm electrophoresed (center well) 
BCG crude ribosome antisera (bottom trough)
SLIDE B BCG whole antisera (top trough)BCG 50-30S ribosomal subunit electrophoresed
(center well) 
BCG crude ribosome antisera (bottom trough)
SLIDE C BCG crude ribosome antisera (top trough)
BCG 50-30S ribosomal subunit electrophoresed
(center well) 
BCG 50-30S ribosomal subunit (bottom trough)
SLIDE D BCG crude ribosomes (right top well)
BCG 50-30S ribosomal subunit pool (right
middle well)
BCG ultracentrifuged supernatant (right
bottom well)
BUTY crude ribosomes (left top well)
BUTY 50-30S ribosomal subunit pool (left
middle well)
BUTY ultracentrifuged supernatant (left
bottom well)
BCG whole antiserum (center well)
SLIDE E antigen locations are identical to slide D 
BCG crude ribosome antisera (center well)
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FIGURE 9
IMMUNOELECTROPHORESIS AND MICRO-OUCHTERLONY ANALYSIS
SLIDE A
SLIDE B
SLIDE C
lU
SLIDE D SLIDE E
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50-30S pool (right middle well) produced only 2 faint bands 
with BCG antisera. BCG-UCS (right bottom) reacted strongly, 
producing 4 precipitation lines while the UCS from M. butyri­
cum (left bottom) showed lines of identity with 3 of the 4 
precipitation bands found with BCG-UCS. Buty 50-308 pool 
(left middle) formed 2 lines against BCG antiserum, one 
formed lines of identity with Buty-CR and BCG-CR, while the 
other appeared to form lines of identity with all of the 
antigens present. The Buty-CR (left top) showed bands 
developed with the BCG antiserum; one of these lines appeared 
to be developed by a common antigen found in Buty 50-308, 
Buty-CR and BCG-CR.
The center well of slide E contained BCG-CR antiserum 
and the same antigens located in the same positions as in 
slide D. As shown in slide E, 4 precipitation bands were 
evident with BCG-CR and Buty-CR, however, only the faint 
inner band appeared to be formed against a common antigen. 
Buty 50-308 contained 5 antigens, all of which formed lines 
of identity with Buty-CR. One precipitation line in common 
to both antigens was observed to split in the Buty 50-308 
area. All antigens tested displayed one faint inner band in 
common; this band was the only one elicited with BCG 50-308 
and Buty-UC8. BCG-ÜC8 also contained this same band plus 
one more adjacent to the antiserum well. This also appeared 
with both of the CR preparations •
CHAPTER IV 
DISCUSSION
In previous attempts to obtain an antigen capable of 
provoking specific delayed hypersensitivity reactions in a 
tuberculin sensitive host, many methods of isolation and 
fractionation have been applied to culture filtrates from 
tubercle bacilli as well as to the tubercle bacillus itself. 
However, as was pointed out in the introduction, none of 
these methods has succeeded either in isolation of a purified 
antigen or of an antigenic mixture yielding significantly 
decreased cross reactivity in hosts sensitized with hetero­
logous mycobacteria.
At the start of this research several relevant facts 
were known. Due largely to the persistant work of Nomura, 
Traut, Traub and others (159, 14 2, 48, 98), the iri vitro 
techniques used for complete reconstitution of active ribo­
somes were developed. Others (73, 146) found that there were 
no proteins common to both the 50S and 30S ribosomal subunits 
Le Boy, e^ ad. (83, 106) attributed bacterial strain specifi­
city to a difference of 1 or 2 proteins on the 3QS subunits. 
It has subsequently been shown (9, 104, 108) that the ribo­
somal protein complement of any organism is unique to that 
given organism. Traut (159) , Freidman (38), Estrup (33) and 
more recently, Kaltschmidt (65) have demonstrated serologic­
ally that there is no extensive structural homology among the
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various ribosomal proteins. Panijel (112, 3, 113), using 
quantitative precipitation methods, has observed that anti­
sera prepared against the bacterial ribosomes of one strain 
could distinguish between the homologous ribosomes and those 
obtained from other strains.
Kanai and Youmans (66), while working on a ribosomal 
vaccine from mycobacteria, noted that a particulate material 
(which they termed ribosomal fraction) obtained from whole 
protoplasm by ultracentrifugation, possessed the ability to 
provoke DH in homologous-sensitized animals at milligram dose 
levels. Later, Worcel, a_l. (179) demonstrated that
similar preparations contained much of the cellular electron 
transport system as well as many membrane-bound enzymes.
They also found that preparations with a high degree of 
purity could be obtained using appropriate buffers to protect 
the integrity of the ribosomes and sucrose density gradients 
to separate the ribsomal preparations into 50S and 30S 
ribosomal subunits.
From results of other workers, it is clear that ribosomes 
possess proteins which are strain specific and are immuno- 
logically active (83, 112). The individual proteins of the 
50S and 30S subunits show no cross reactivity. In high 
concentrations the ribosomes themselves are capable of provok­
ing DH reactions in homologously sensitized animals. It was 
thus felt that purified ribosomal subunits might be specific, 
as well as potent, agents for provoking DH skin reactions in
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sensitized animals. Subsequently, using methods similar to 
those for E. coli ribosomes (54), an attempt was made to 
isolate ribosomal particles from M. bovis (BCG) and M. 
butyricum. Early in this research, it became apparent that 
for the isolation of ribosomal subunits from the two myco­
bacterial species, the Mg'*"*" concentration in the SOS buffer 
had to be raised from 4x10“^ to lxlO"^M to prevent unfolding 
of the subunits.
The pressure chamber was chosen to disrupt the myco­
bacterium because the high lipid content of the mycobacteria 
cell wall prevents good disruption by other methods. This 
observation has been confirmed by Ribi, a^. (124), and
Trnka, et a^. (162, 163, 164). Trnka, e^ (162) observed
the influence of cell disruption methods on polyuridilic acid- 
dependent polyphenylalanine synthesis by isolated ribosomes 
of mycobacterial. He concluded that there was a significant 
decrease in activity of incorporation systems composed of 
ribosomes derived from cells ground with alumnia compared to 
ribosomes disrupted in a Ribi refrigerated cell factionator. 
This indicated that the integrity of the ribosomes is not 
affected by the high pressures used to disrupt these organ­
isms •
As Worcel (179) and Imeda, et a^. (61) have pointed out,
mycobacteria (in the early log-phase of growth) have a large 
number of membrane-bound ribosomes (polysomes) compared to 
"free” ribosomes. These polysomes are markedly reduced in
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the late exponential growth stage, both in number and loca­
tion. Ribosomal elements are then found as single ribosomes 
or polysomes distributed not only in the peripheral area, 
but also in the region of the cell previously occupied by 
nuclear filaments. After maximal growth, ribosomal struc­
tures disappear and the plasma membrane becomes detached 
from the inner surface of the cell wall. In mycobacteria 
harvested early in the log-phase of growth, the yield of 
ribosomes is reduced to about 0.5% of the weight of the 
bacteria disrupted. This figure is in agreement with yields 
obtained by Youmans and Youmans (18 3). These results also 
indicate a greater similarity of mycobacteria to Bacillus 
lichenformis than to E. coli (MRE-600). The former organism 
has been shown by M. S. van Dijk-Salkinoja, et a_l. (25) to 
have 96% of the ribosome material, primarily in the form of 
polysomes, attached to membranes and only 4% in the form of 
ribosomes or ribosomal subunits in the *'free" unattached 
state. The above results are in direct contrast to E. coli 
(MRE-600) which have a theoretical yield of ribosomes of 25% 
and a practical yield of 10% ribosomes per weight of cells.
The membrane-bound ribosomes from mycybacteria were not 
isolated per se ; instead, the "free" ribosomes were utilized 
in this study to reduce the degree of contamination with 
membranes. Because of this potential contamination problem, 
the isolated ribosomes were washed overnight in a NH^Cl wash 
buffer and centrifuged. This method effectively removes much
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of the extraneous material used in protein synthesis. It was 
then decided that DOC, a nonionic detergent, should be 
employed to further reduce any possibility of membrane con­
tamination prior to isolation of ribosomal subunits on a 
sucrose density gradient. DOC is, however, a chelating agent 
for Mg^^ and excessive concentrations of DOC would effectively 
lower the Mg"̂ "*" concentration and degrade the ribosomal sub­
units. After much experimentation, treatment with 0.2% DOC 
for 5 minutes was found to be acceptable. The results of such 
treatment were observed by model E analytical ultracentrifuge 
analysis. If 0.5% DOC was used, polymerization and degrada­
tion of the ribosomal particles was noted.
As shown in Figures 1 and 2, good 70S, SOS and 30S ribo­
somal particles were obtained from mycobacteria by these 
methods. Analysis of selected ribosomal preparations by gas 
chromatography yielded inconclusive data due to technical 
difficulties and no relevant data on the percent of contamin­
ation of ribosomes with lipids was obtained. The subunits, 
however, did apparently show less lipid contamination than 
did the crude ribosomes. The protein and RNA contents of 
the crude ribosomes were 45% and 55% respectively while the 
subunits from both mycobacteria gave results of 62% RNA and 
38% protein. These data are also in agreement with that 
obtained by Youmans and Youmans (181) and Worcel, e^ a l .
(179) who found about 63% RNA and 37% protein in BCG crude 
ribosomes. The ribosomes from both mycobacteria were stained.
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both negatively and positively, and examined by electron 
microscopy. No discernable contamination with membranous 
material was observed in ribosome preparations from either of 
the mycobacteria. These observations, as well as the methods 
used to prepare the ribosomal particles, preclude the possi­
bility of cross contamination and confirm the results obtained 
by analytical ultracentrifugation analysis, the procedure used 
to monitor the ribosomal purity throughout the isolation and 
purification procedure.
Studies of the ability of ribosomal particles to provoke 
DH reactions clearly demonstrate that purified ribosomes of 
mycobacteria are capable of provoking specific delayed 
reactions in sensitized guinea pigs and that such reactions 
may be expressed with minute amounts of antigen. The results 
show that purified ribosomal preparations are active but do 
not indicate whether it is the RNA portion, the protein 
portion, or perhaps an attached factor that is responsible 
for the activity.
It was also found that the dry weight of antigen needed 
to provoke a response in sensitized animals is about the same 
for ribosomes and protoplasm. The degree of specificity 
observed is similar to that previously observed in rabbits 
sensitized with either M. bovis or M. butyricum and skin 
tested with heterologous and homologous protoplasm (80, 82). 
Protoplasm, in turn, has been found to be as sensitive as 
PPD (76) . The minimal dose of BCG ribosomes needed to provoke
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a reaction in at least 50% of the homologously sensitized 
guinea pigs tested is 0,125 ug (Table 2), The relative 
potencies of the ribosome and protoplasm antigens appear to 
be identical in homologously sensitized animals. Both antigen 
preparations failed to react in animals sensitized with live 
E. coli.
The results of those experiments designed to test the 
relative potency of ribosomal subunits demonstrate that the 
ribosomes and ribosomal subunits of BCG bacilli are capable 
of provoking delayed reactions in guinea pigs sensitized 
with a virulent strain of M. bovis (Table 3). The amounts of 
70S and 508 ribosomal particles required to elicit such 
reactions compare favorably with the amount of protoplasm 
required, while the 308 subunits are about four times as 
potent. The specificity and sensitivity of the DOC purified 
508 and 308 ribosomal subunits from both mycobacteria were 
also examined in both M. bovis (BCG) and M. butyricum 
sensitized animals (Table 4). These results indicate that 
the specificity and sensitivity of the purified 308 ribo­
somal subunit from either organism is equal to or greater 
than that obtained with protoplasm. The 508, which has been 
found associated with the membrane, exhibited 8 fold less 
sensitivity than either the 308 subunit or the homologous 
protoplasm, while exhibiting the same cross reactivity. All 
three preparations, protoplasm, 508 and 308 ribosomal sub­
units , failed to provoke DH reactions in either normal or
85
E. coli sensitive animais. It is of considerable interest to 
note that the amounts of antigen required to provoke a 
specific reaction in these studies varied between 0.25 and 
0.062 ug, whereas in the studies of Kanai and Youmans (66), 
milligram amounts of the particulate fraction were used for 
this purpose.
To determine whether the antigens responsible for 
provoking DH were really ribosomal in nature, and not extran­
eous contaminants from some other source, the ribosomes were 
separated into their subunits by sucrose density gradient 
centrifugation and representative fractions were then used 
as skin test agents to determine in what area(s) the skin test 
activity was concentrated. The data in Figure 3 show that all 
the skin test activity is located in those fractions which 
contain ribosomes. Both 50S and 30S subunits exhibited 
approximately equal reactivity. The bi-modal peak found in 
the fractions containing the 50S ribosomes is unexplained at 
the present time. Since potency, as well as specificity, of 
protoplasm and ribosomes are identical, it might be inferred 
that skin test activity of protoplasm may be attributed 
primarily to the presence of ribosomal components in the proto­
plasm.
In order to check this assumption and to determine the 
effect of ribosomes on the activity of protoplasm of M. 
butyricum, ribosome-free protoplasm is needed. However, since 
protoplasm is usually derived from cells disrupted in distilled
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water (81), it is not possible to remove ribosomes from such 
a preparation since ribosomes are degraded in distilled water. 
CE is considered to be the equivalent of protoplasm from cells 
disrupted in magnesium buffer. Unit volumes of CE and the UCS 
derived from it were tested (Table 5) and the results showed 
that removal of ribosomes decreases the activity of the 
original preparation.
It is interesting to note, in this regard, that a given 
volume of CE is over two times as potent as an equivalent 
volume of UCS. The activity of UCS may be attributed to 
degraded ribosomes, precursor ribosomal particles, pools of 
ribosomal protein or RNA, or perhaps material entirely unre­
lated to ribosomes. In an attempt to further define the 
relationship between CR and UCS, the passive cutaneous 
anaphylaxis test was done in normal guinea pigs utilizing 
rabbit antiserums raised in rabbits following injection of 
mycobacterial protoplasm. When homologous protoplasm was 
used as antigen, a high degree of cross reactivity between 
protoplasm antisera and crude ribosome antisera is observed, 
while the UCS antisera gives only minimal reactions. How­
ever, when crude ribosomes are employed as antigen, a high 
degree of cross reactivity is observed, not only between 
crude ribosome antisera and 50-30S pool antisera, but also 
with the UCS antisera, indicating that strong common antigens 
are found among the two ribosomal fractions and the UCS 
material• This would explain the fact that equivalent
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amounts of CE and UCS, on a dry weight basis, produce similar 
delayed reactions. At this juncturey therefore, it is 
possible to state that ribosomes are responsible for a con­
siderable amount of the skin test activity of the crude 
extract, and that the residual ribosomal pieces probably 
contribute markedly to the skin test activity of UCS.
Delayed skin test activity has also been attributed to 
cellular components other than crude protoplasm. Beam, e^ a l . 
(5, 145) and Okada and co-workers (102) have shown that low 
molecular weight peptides are active antigens in this respect. 
Cell walls, OT and PPD are also known to be active skin test 
agents. However, the methods by which these agents are pre­
pared universally degrade ribosomes and consequently, the 
exact source of the antigenic factors in these preparations 
cannot be determined.
Induction of DH in guinea pigs and rabbits with ribo­
somes from the two mycobacteria species was attempted in 
order to answer some questions regarding their immunologic 
ability. The first step was to confirm the work of other 
investigators (38, 33, 114, 129) who found ribosomes to be 
good immunogens if given with adjuvant and the second, to 
observe any differences in the specificity of the induced DH 
following skin tests with the sensitizing antigen and homo­
logous protoplasm. As can be seen in Table 6, ribosomes 
given in IFA are good immunogens producing either Arthus, DH 
or mixed reactions in all of the experimental animals. In
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those animals reacting with either mixed DH and Arthus 
reactions or with Arthus reactions only, positive tests were 
obtained only with ribosomal antigens while among those 
animals exhibiting only DH reactions, both ribosome and proto­
plasm antigens provoked reactions.
The second question raised was whether the ribosomes 
would induce DH if given without adjuvent, thereby reducing 
its assets as a good skin test agent. It has been previously 
shown by Larson, a^. (80) that protoplasm in gram amounts
fails to induce DH in guinea pigs; therefore, it would seem 
logical that ribosomes should exhibit the same inability to 
induce DH. As demonstrated in the second experiment using 
ribosomes given with and without IFA in such a manner as to 
obtain maximal DH response, it was observed that both methods 
result in some DH reactions in guinea pigs tested 9 days 
after sensitization. However, this was transitory in nature 
as the ribosomes given in IFA were the only group to show any 
positive DH response when skin tested at 14 days. Both 
methods failed to produce DH reactions which could be 
observed 6 months later.
The skin test data indicate that the crude ribosomes and 
ribosomal subunits provoke true DH reactions. To further 
substantiate this observation, skin lesions provoked in 
sensitized guinea pigs by ribosomal particles were excised 
and processed for histological examination. The results are 
pictured in Figure 4. Large numbers of mononuclear cells are
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shown invading the lower dermis and the region of the hair 
follicles in the upper dermis. Minimal reactions of this 
type are apparent at 6 hours. At the two time periods 
studied/ the intensity of the mononuclear invasion appears 
to correlate with the specificity of the antigen. In indi­
vidual guinea pigs/ injection of homologous protoplasm or 
ribosomal particles always leads to greater mononucler 
infiltration than does heterologous protoplasm or ribosomal 
particles. In general, homologous protoplasm and 30S sub­
unit provoke mononuclear infiltrations of identical inten­
sities / while homologous 50S subunits cause reactions similar 
to those observed with heterologous antigens. General tissue 
necrosis with the associated phenomena of polymorphonuclear 
infiltration and haemorrhage was not observed in any of the 
skin sections examined. When these histological examinations 
are compared to those of Waksman (169) and Bloom and Bennett 
(7)/ it appears that skin lesions provoked by ribosomal 
particles are of the true DH type.
To confirm the two previous observations of DH, the 
migration inhibition test, an iri vitro correlate of DH, was 
done. This test was chosen primarily because of its reli­
ability and reproducibility as an experimental tool and also 
because this test has been found by others (23, 7) to have 
sensitivity equal to, or greater than, that observed with 
cutaneous DH reactions.
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The effector cells in the iri vitro system have been 
reported to be sensitized lymphocytes (22) and the active 
substance (MIF) produced by these cells and causing inhibi­
tion of macrophage migration is a heat stable protein having 
a molecular weight of 70,000. In the presence of antigen and 
normal lymphocytes, macrophages migrate to form a monolayer 
on the glass around the open end of a capillary tube. How­
ever, macrophages in the presence of antigen and specifically 
sensitized lymphocytes fail to migrate from the tubes. The 
extent of inhibition of migrating macrophages is taken as a 
rough measure of the degree of sensitivity of the lymphoid 
cells. The effector cells do not generally migrate but are 
occasionally found associated with migrating macrophages. 
These observations were confirmed with selected stained 
migration preparations.
Peritoneal exudate cells harvested from unsensitized 
guinea pigs migrate normally in tissue culture media alone 
but migration is inhibited to some extent in the presence of 
ribosomal particles. Table 7. Sensitized peritoneal exudate 
cells from skin test positive animals are inhibited to a far 
greater extent by specific antigens than by nonspecific ones. 
Figures 5 and 6. This data, in conjunction with the ±r̂  vivo 
studies, supports the contention that ribosomal particles 
from mycobacteria provoke DH reactions in sensitized animals.
The cause(s) of macrophage migration inhibition remains 
an open question. Dumonde, et al. (29) defined the multiple
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factors released by lymphocytes as "lymphokines." They 
postulated that sensitized lymphocytes bear specific receptors 
which react with antigen, causing the release of substances 
which promote mitosis of lymphocyte and factors which immobo- 
lize macrophages. The latter functions iu vitro to arrest 
macrophages at the site of antigen deposition. The local 
release of chemotactic substances and macrophagecytophi1ic 
antibodies by antigen-triggered lymphocytes is thought to 
augment the contribution macrophages made to the cutaneous 
reaction.
In an attempt to further characterize the possible 
mechanism of DH, Thor (153) and Dumonde (29) pointed out that 
lymphokines or effector substances are biologically active 
in vivo in normal, as well as sensitized animals. Therefore, 
supernatant fluids of tissue cultures of normal and sensi­
tized peritoneal exudate cells exposed to various ribosomal 
particles and PPD as antigens were harvested after 24 hours 
and used as skin test materials in both normal and BCG- 
sensitized guinea pigs.
Skin-reactive factors (S-RF) from normal peritoneal 
exudate cells incubated vitro with PPD, BCG crude ribosomes 
(BDG-CR) and BCG 50-30S ribosomal pool (BCG-50-30S pool) were 
tested in both normal and BCG-sensitive guinea pigs. A 
reconstituted PPD control was prepared by adding the proper 
amount of PPD to cell cultures following 24 hours incubation 
in the presence of only tissue culture media. Such controls
92
were used throughout these studies. When the S-RF * s produced 
by these three antigens were skin tested in normal guinea 
pigs, Figure 7A, all of them, except that produced by BCG-CR, 
failed to elicit positive skin reactions. The positive 
results observed at 6 hours with BCG-CR indicate that this 
material was not acting as an antigen itself, but causes the 
release and/or production of some SRF from normal PEC cells. 
BCG-CR might then be corisidered to act as a nonspecific 
mitogen in this sytem.
If this positive reaction was caused by ^  nova synthesis 
of S-RF, the process might be explained by the known effect 
bacterial ribosomes have on the cellular phase of the immune 
response; that is, the ability of the ribosome to turn on in 
vivo production of antibodies to antigens to which the animal 
has had no known previous contact (27). This same mechanism 
might also be able to turn on SRF production.
When the same materials were skin tested in BCG-sensi­
tized animals. Figure 7B, all the S-RF's produced erythema 
and induration in 6 hours at the site of injection. These 
reactions mimick the normal cutaneous DH response except that 
reactions peak and subside in approximately the same time as 
Arthus reactions. When the lesions produced by injection of 
S-RF's from PPD and BCG 50-30S pool are plotted as volumes of 
skin lesions vs. time, a peak is noted 4-9 hours after 
injection, followed, in the case of S-RF produced by exposure 
of cells to PPD and 50-30S ribosomes, by a trough at 12 hours
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with another peak at 24 hours due to the DH reaction to the 
injected antigen. This is in direct contrast to the findings 
with the reconstituted PPD control and the fluid from BDG-CR 
stimulated cells which show an early peak followed by a steady 
increase in the volumes of the skin lesions up to 24 hours 
when the last recordings were made. This indicates quite 
strongly that PPD and the BCG 50-30S pool are actively 
metabolized and/or broken down by appropriate enzymes in the 
tissue culture system and, after 24 hours, little of the 
original antigens are left which are capable of provoking 
typical DH reactions. The BCG-CR does not seem to be 
affected by cell metabolism.
When the tests were repeated using BCG-sensitized PEC 
instead of normal PEC, the following results were obtained. 
Figure 8A. The skin reactions noted in normal guinea pigs 
given S-RF's produced from BCG-sensitized PEC incubated with 
PPD, BCG-CR and BCG 50-308 pool are greatly potentiated as 
compared to those produced by SvRF*s from normal PEC, Figure 
7A. Again, the skin reactions are apparent in 4 hours, reach 
their peak in about 6 hours and, in the case of the S-RF's 
produced by PPD and BCG 50-30S pool, subside in 12 hours.
S-RF obtained after exposure of cells to BDG-CR, however, 
produce reactions 3 times as intense as those obtained with 
the other antigens and these lesions are still intense after 
24 hours. These results might indicate that BCG-CR can 
stimulate production of S-RF, not only in vitro but also
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in vivo, and that possibly this might be due to a mitogenic 
factor contained in the tissue culture fluid.
When these same S-RF*s were skin tested in sensitized 
guinea pigs, a distinct bi-modal curve is evident when volumes 
of skin lesions are plotted against time. Figure 8B. The 
S-RF produced with PPD reacts no differently in sensitized 
guinea pigs than in normal guinea pigs. Figure 8A. The 
volume of the early reactions induced with S-RF from cells 
stimulated with BCG 50-30S pool, however, does not recede 
after 12-13 hours but remains stationary and are still 
positive at 24 hours. Tissue culture reconstituted PPD 
provoke positive reactions in 6-8 hours and these skin 
lesions continue to increase in size and are typical DH 
reactions at 24 hours. The S-RF produced by BCG-CR induce 
lesions at 6 hours which are four times as large as those 
resulting from any of the other S-RF preparations. This 
early reaction decreases substantially by 13 hours and then 
increases 2 fold by 24 hours and is 4 fold greater than 
lesions induced by the other SRF preparations. This 24-hour 
reaction appears to be a composite of a S-RF lesion and an 
in vivo DH reaction, producing either an additive or possibly 
a synergistic effect.
Several interesting ideas may be formulated from the 
Immunoelectrophoresis and micro-Ouchterlony data (Figure 9). 
As far as technique was concerned, agarose proved to be 
better than ion agar as a gel support media, both in its
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clarity and ease in handling and was used for both double 
diffusion techniques. The value of Dahlberg's acrylamide- 
agarose gel for Immunoelectrophoresis was demonstrated.
This technique makes it possible to determine whether or not 
a protein and/or RNA is of ribosomal origin and from which 
subunit it originated.
The sheep anti-BCG serum reacts with at least 10 anti­
gens contained in BCG protoplasm but rabbit anti-BCG-CR serum 
react with only 2 antigens in protoplasm. Since it is 
difficult to produce antibodies against tubercular antigens 
in rabbits, this finding may merely represent an artifact, 
it may represent a failure of BCG-CR to act as an antigenic 
stimulus in the host, or it may indicate that the concentra­
tion of various antigens in protoplasm are insufficient to 
react with anti-^CG-CR serum. The latter explanation appears 
most satisfactory since, in slide B, it is shown that this 
serum reacts with at least 7 antigens contained in BCG 50-30S 
pool and very strongly with those contained in the moderately 
fast-moving area. The sheep serum reacts to a weaker degree 
in this area. No fast-moving antigens are detectable with 
this ribosomal system. By employing BCG 50-30S subunits as 
antigen and anti-BCG-CR serum in the Osserman reactions, it 
can be shown that this material contains at least 10 antigens, 
none of which are present in the fast-moving area.
Comparison of the serologic results obtained with lEP 
and micro-Ouchterlony methods demonstrates that the former
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method is capable of revealing more antigen-antibody systems 
than is the latter. For instance, in slide B, only 2 
precipitation lines are revealed by the Ouchterlony technique 
but 4 are developed by the lEP method when BCG 50-30S pool is 
used as antigen and sheep anti-BCG serum is used as antibody. 
The micro-Ouchterlony technique can be used to rapidly 
demonstrate complex interrelationships between large numbers 
of different antigenic materials. As is evident in slide E, 
there is extensive cross reactivity between BCG antiserum and 
heterologous butyricum ribosomal preparations. This cross 
reactivity can be explained by the fact that RNA antibodies 
produced in response to bacterial ribosomal RNA will cross 
react with any RNA, be it from plant, animal or other bacterial 
source. As pointed out by Panijel (112) , RNA is a universal 
antigen. In addition, previous studies (106) have shown that 
the major difference between two mutants of the same species 
is in 1 or 2 proteins found in the 30S subunit. This differ­
ence widens somewhat between species of the same genus to a 
few more proteins, probably on the 30S subunit. This would 
lead one to conclude that the rest of the ribosome from 
related mycobacterial species is identical, especially of 
the 50S subunit. This could explain much of the cross 
reactivity noted between BCG antisera and the butyricum 
antigens. This might be especially so when a broad multi- 
valent antiserum from a hyperimmunized animal such as this 
BCG antiserum is studied. Slide D shows BCG-CR antiserum
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reacting with lines of non-identity to butyricum antigens 
which probably contain RNA, indicating that, with this serum, 
the universal antigen RNA is responsible for these reactions. 
Whether or not such precipitin bands form lines of identity 
may be dependent upon the concentration of antigen and anti­
body which would place these precipitation arcs in positions 
which would hamper their fusion.
The advantages of a more specific tuberculin, rather 
than a more potent o ne, are obvious as shown by the practical 
consideration (109, 110) that in parts of the southern United 
States and Southeast Asia, portions of the population are 
sensitive to tuberculin but this sensitivity is not due to 
infection with tubercle bacilli. Another practical consider­
ation would be the availability of a diagnostic aid for those 
cases in which second infections with an unrelated acid-fast 
bacillus occurs and in which current PPD*s and OT skin test 
antigens are of little value.
It is now apparent that ribosomal proteins obtained from 
two different species of mycobacteria differ in at least one 
or more proteins as various studies utilizing get electro­
phoresis, ion-exchange chromotography, 35g finger-printing 
and immunologic characteristics have shown (172, 179, 83,
161, 158, 42, 156, 35, 157, 115, 182, 129, 114). From the 
study just concluded, it is apparent that 3OS ribosomal 
subunits appear to contain much of the active principle 
necessary to provoke specific DH reactions in sensitized
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hosts. The next step, therefore, in purification would be 
to separate the RNA and ribosomal proteins, resulting further 
in decreasing the cross reactivity now observed. The 
techniques for doing this are available and these could be 
adopted for large-scale investigations and production.
CHAPTER V
SUMMARY
Purified 70S ribosomes and 508 and 30S ribosomal sub­
units may be obtained from M. bovis and M. butyricum by 
washing crude ribosomes with wash buffer, dropping the Mg"̂ "*" 
concentration to 10""^M during subunit isolation and adding
0.2% DOC to disrupt and remove membranous material. These 
preparations are layered on a 10-30% sucrose density gradient 
and the 70S, SOS or 30S subunit fractions collected by 
centrifugation.
Although gas chromatography, due to technical diffi­
culties, did not yield relevant data on the amount of lipid 
contamination in the ribosomal preparations, the protein/RNA 
ratios and 260/280 mu ratios, as well as direct EM examina­
tion of ribosomal particles, failed to detect any non-ribo- 
somal contamination.
Studies of the ability of ribosomal particles to 
specifically and sensitively provoke DH reactions demonstrate 
that purified ribosomes of mycobacteria are capable of 
provoking such reactions in sensitized guinea pigs. The 
amount (ug units) required to provoke a specific response in 
sensitized animals is comparable for ribosomes and protoplasm 
and the latter has been found to be as sensitive as PPD. The 
relative potency of the ribosomal subunits to provoke DH 
reactions indicates that 70S and SOS preparations are equal 
in potency to homologous protoplasm, while the 30S subunits
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are about four times as potent as any of the above. Since 
the 50S subunit is thought to attach to membranes during 
protein synthesis, this subunit should be the one that is 
contaminated with extraneous cellular material, and not the 
30S subunit which contains most of the DH potency. When 
specificity and sensitivity experiments are performed with 
protoplasm and 50S and 30S ribosomal subunits from both 
species of mycobacteria, the purified 30S subunits from 
either organism have equal or greater sensitivity than 
homologous protoplasm in homologously and heterologously 
sensitized animals. The SOS subunit, however, is 8 fold 
less sensitive then the other two antigens but exhibits the 
same cross reactivity common to all the antigens. All three 
preparations fail to provoke DH reactions in either normal 
or E. coli sensitized animals. By testing all the sucrose 
density gradient fractions, it is found that all the skin 
test activity is located in those fractions which contain 
ribosomes as detected by monitoring at 260 mu. When equal 
volumes of the ribosome-containing fractions are tested in 
sensitive guinea pigs, both the 50S and 30S subunits exhibit 
approximately equal reactivity. This finding substantiates 
the contention that extraneous contamination could not be 
responsible for the DH reactions.
Since the potency and specificity of ribosomes and 
protoplasm are very similar, it might be inferred that the 
skin test activity of protoplasm may be attributed primarily
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to the presence of ribosomes or ribosomal material. Tests of 
CE, the equivalent of protoplasm from cells disrupted in 
magnesium buffer, and UCS, show that the removal of ribosomes 
decreases the activity of the original preparation and on a 
volume basis, the UCS is about 3 times less potent than an 
equal volume of CE. When antisera made to these and to 
ribosomal preparations are tested in a PCA test, a high 
degree of cross reactivity is noted between the protoplasm 
and CR antigens when protoplasm is used as the provoking 
antigen. When crude ribosomes are used as antigen, marked 
cross reactivity is noted between the CR and UCS antisera, 
indicating the presence of common antigens.
Normal guinea pigs and rabbits can be induced to elicit 
DH and circulating antibodies when ribosomes are given in 
IFA. However, without adjuvant, these same preparations do 
not appear to produce any long lasting hypersensitivity.
To conform the fact that ribosomal particles do elicit 
true DH reactions, skin sections were obtained from ribosomal 
provoked DH lesions and examined histologically. The slides 
reveal large numbers of mononuclear cells invading the lower 
and upper dermis and show all the classic characteristics of 
a true DH reaction. As a further confirmation, the migration 
inhibition test, an iii vitro correlate of DH, was done. The 
migration of sensitized peritoneal exudate cells from skin 
test positive guinea pigs is inhibited to a far greater 
extent by specific antigens than non-specific ones, thus
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adding credibility to the argument that ribosomal particles 
from mycobacteria are able to provoke true specific DH 
reactions in previously sensitized animals.
In an attempt to characterize the possible mechanism of 
DH y effector substances were produced vitro from normal 
and sensitized PEC incubated in the presence of various 
ribosomal particles and PPD, and these were injected intra- 
dermally into normal and BCG-sensitized guinea pigs- The 
S-RF's from normal peritoneal exudate cells exhibit minimal 
reactivity on both normal and sensitized animals. S-RF's 
from sensitized PEC elicit skin reactions which reached 
maximum volume in about 6-8 hours, which is about the same 
interval of time characteristic of an Arthus reaction. 
Similar results are observed on sensitized animals except 
that the antigens present in the system give a DH reaction 
at 24 hours creating a bi-modal peak. The results also 
indicate that BCG-CR is either not degraded or is far less 
degraded vitro in the presence of PEC cells, than both 
BCG 50-30S subunit pool and PPD since these antigens lose 
their ability to provoke DH reactions.
Immunoelectrophoresis and micro-Ouchterlony analysis of 
ribosomal materials indicate that antisera preposed by 
immunization with a variety of antigens given different 
results when the same antigen is employed. lEP analysis 
shows the presence of 10 antigen-antibody systems with BCG 
50-30S subunit pool and anti-BCG-CR serum micro-Ouchterlony
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slides demonstrate extensive croés reactivity between BCG and 
butyricum ribosomal particles, indicating that anti-RNA anti­
bodies are present. These are known to freely cross react 
with any RNA.
The advantages of a more specific skin test antigen 
rather than a more potent one are obvious when false positive 
reactions and multiple infections are considered. The results 
of the present study show ribosomes to be specific and active 
provokers of DH. With the current knowledge available for 
further purifying the ribosomes to yield RNA and, if necessary, 
individual ribosomal proteins, it would appear possible to 
obtain the long sought-after dream of complete specificity in 
a skin test antigen derived from mycobacteria. This material 
could be produced in clinically useful amounts at a unit cost 
which would be several times less than that currently spent 
to supply PPD and Old Tuberculin to the clinitian.
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